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AVERTIX (TRIBROMETHAKOL) ANESTHESIA IN 

nor:mal persons 

ERNEST E. ARN'HEIM, M.D. 

AND 

LESTER R. TUCHMAK, NI.D. 

XEW YORK 

Although the literature on avertin (tribromethanol) rectal anesthesia 
has become voluminous since the production of the chemical compound 
tribromethanol by Willstatter and Duisberg, in 1923, there are only a 
tew investigations on the effects in normal persons of the drug admin- 
istered alone, in the dosage used in basal anesthesia. Before we were 
willing to employ avertin anesthesia on a large scale in hospital practice, 
we deemed it adrnsable to investigate the effects of the drug in nonnal 
persons. The numerous reports recorded present either experiments on 
animals or obsers-ations on persons with such complicating factors as 
operation, auxiliaiy- medication and supplementary anesthesia. 

METHOD 

We studied avertin anesthesia in fifteen normal people with a view to obtaining 
iniormation on the uncomplicated effects of the drug. We made obser\’ations on 
the following : age, sex, weight, dosage, constitution, pulse, temperature, respiratorj- 
rate and amplitude, condition of the reflexes, state of consciousness, presence of 
cyanosis and emesis, arterial and venous blood pressure, basal metabolism, complete 
blood chemistry, hematology and urinary findings. The observations were recorded ; 
(1) in repose, immediately before the administration of the drug; (2) one hour 
after its introduction, when the anesthesia was at its height, and (3) four hours 
alter iu introduction, toward the end of the anesthesia. No auxiliary medication 
uas gi\en. In the studies avertin fluid was used, 1 cc. of fluid containing 1 Gro. 
ot tribromethybalcohol and 0.5 Gm. of amylene hydrate. Solutions of avertin fluid 
uere pre^red according to the manufacturer’s instructions in a 2.5 per cent solu- 
'Tr ^ ^ moderate temperature of from 95 to 104 F. (35 to 

^ 1 ■ - 1 patients were healthy persons admitted to the surgical sendee for 
operations — for the most part, inguinal hernioplasties. The opera- 
performed after the studies on avertin were completed. Little additional 
. -ta was required for the operations, and there were no untoward effects. 
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^exlveiir' ConstituHov.-The first table gives the ag 

and a few remarks on the complexh 

’cc '^Runt Sinai^l^sphal"^^ Harold Neuhot and from the laboratories 
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and nervous make-up of the fifteen patients studied. There were ten 
men and five women. The youngest patient was 17 years of age, and 
die oldest 52. The weight varied between 105 and 160 pounds (48 and 
73 ICg.). The average dosage of avertin fluid was 6.2 cc. One half of 
the patients were considered to he of a normal nervous make-up, one 
third excitable and the remainder phlegmatic. 

Pulse, Temperature, Respiration, Reflexes and Uniozvard Symp- 
toms. Table 2 gives the pulse rate, temperature, respiratory rate and 
amplitude, condition of reflexes, state of consciousness and presence of 
untoward s 3 anptoms. 

The average pulse rate before anesthesia was 73, the variations being 
between a low rate of 56 and a high rate of 96. After one hour of 


Table 1. — Age, Sex, Weight, Dosage and Constitution 


Dosage, Amount 
3Jg. per of Avertin 


Case 

Age 

So.v 

Weight, 

Pounds 

Kg. Body 
Weight 

Fluid, 

Cc. 

Com- 

plexion 

Neryous Slake-Up 

1 

52 

M 

148 

100 

6.8 

Light 

Plilegmatic 

t? 

40 

M 

144 

100 

6.6 

Light 

Phlegmatic 

3 

43 

SI 

100 

100 

7.3 

Light 

Excitable 

4 

89 

SI 

105 

100 

4.8 

Dark 

Excitable 

5 

17 

SI 

140 

100 

6.4 

Dark 

Normal 

0 

22 

SI 

153 

100 

7.0 

Dark 

Normal 

7. 

41 

51 

119 

100 

5.4 

Dark 

Excitable 

s 

20 

SI 

129 

100 

5.S 

Negro 

Normal 

9 

48 

SI 

159 

100 

7.2 

Dark 

Normal 

10 

17 

SI 

120 

100 

5.4 

Negro 

Normal 

11 

46 

F 

100 

100 

7.0 

Dark 

Norma! 

12 

37 

F 

130 

100 

5.8 

Dark 

Excitable 

13 

23 

F 

113 

100 

5.1 

Light 

Normal 

14 

4S 

F 

133 

100 

6.0 

Dark 

Normal 

15 

30 

F 

140 

100 

6.3 

Dark 

E-Xcitable 


anesthesia the average pulse rate had risen to 89, with a low rate of 
68 and a high rate of 110. In only two patients was there a fall in 
pulse rate at the end of one hour, and both of these were excitable people 
with pulse rates of 92 and 96 before anesthesia. At the end of four 
hours of anesthesia the average pulse rate was S3, an increase fiom the 
preliminary rate but a fall from the rate observed at the end of one 
hour. 

The average rectal temperature before anesthesia was 99.1 F. At 
the end of one hour of anesthesia the temperature in every instance 
fell, the average temperature being 97.8 F. and the greatest fall 2 F. 
After four hours the temperatures in every case were still lower than 
the preliminary temperatures, but they tended to return to their original 
figures, the average temperature being 98 F. 

The preliminary respiratory rate varied between 12 and 26, with an 
average of 16. After one hour of anesthesia the respiratory rate varied 
between 16 and 26, with an average of 22. There was a rise m respira- 
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tor}' rate in ever}' case except one. in which instance the preliminary 
rate was 26, the highest recorded. At the end of four hours of anes- 
thesia the average respirator}- rate was 20. 


T.\ble 2.— Temperature, Respiration, Reflexes and Untenvard Symptoms 


Ca=e Time 

1 Belore anesthesia 

1 honr of anesthesia. 
4 hours of anesthesia 

2 Before anesthesia 

1 hour of anesthesia. 
i honrs of anesthesia 

3 Before anesthesia 

1 hour of anesthesia. 
i hours of anesthesia 

4 Before anesthesia 

1 hour of anesthesia. 


5 Before anesthesia.... 
1 hour of anesthesia 
4 hours of anesthesia 

6 Before anesthesia 

1 hour of anesthesia. 
4 hours of anesthesia 


10 


11 


12 


13 


14 


13 


Before anesthesia 
1 hour of anesthei 
4 hours of anesthi 
Before anesthesia 
1 hour of anesthe 
4 hours of anesthi 
Before anesthesia 
1 hour of anesthe 
4 hours of anesth' 
Before anesthesia 
1 hour of anesthe 
4 hours of anesth 
Before anesthesia 
1 hour of anesth" 
hours of anesth 
Before anesthesia 
1 hour of anesthe 
■* hours of anesth 
Before anc-sthesia 
1 hour of anesthe 
4 honrs of anesth 
Before anesthesia 
1 hour of anesthe 
■» hours of anesth 


^forc anesth 
i hour of an^' 
4 hours of am 
Averages 

^fore anesth 
1 hour of ane 
4 hours of an 


Respira- 

Re- tory Condition of 
Tem- spira- .\inpli- Reflexes, -State 
Pulse pera- tory tude. Corneal and of Con- Untoward 

Rate ture Rate Mm. Knee -Jerk sciou.sness Symptoms 


74 

SS.2 

12 35 

Present 

110 

sois 

16 Shallow 

-Absent 

72 

97.0 

17 31 

Present 

60 

93.0 

13 35 

Present 

K 

97.2 

19 25 

Absent 

04 

97.4 

24 

Present 

64 

M.O 

17 27 

Present 

100 

95.0 

i'. 17 

-tbsent 

£0 

97.S 

22 

Present 

74 

90.0 

16 Deep 

Present 

102 

973 

24 Shallow 

Absent 


GO 

00/2 

17 

S3 

Present 

S3 

07.2 

22 

IS 

Absent 

G3 

07.4 

24 

Shallow 

Absent 

eo 

05.6 

14 

40 

Present 

00 

97.2 

20 

29 

.\bsent 

00 

03.0 

20 

34 

Present 

£.3 

00.6 

12 

36 

Present 


07.S 

16 

*» 

-Absent 

OO 

07.S 

13 

40 

Present 

60 

qS3 

20 

34 

Present 

63 

97/2 

20 

25 

.Absent 

5*2 

07.6 

13 

25 

Present 

63 

03.6 

15 

42 

Present 

74 

OS.O 

24 

29 

.Absent 

1- 

05.2 

20 

33 

Present 

o6 

GO/2 

20 

.33 

Present 

73 

65 

07.2 

07.S 

•20 

IS 

27 

35 

.Absent 

Present 

76 

00.2 

14 

40 

Present 

100 

^.*6 

24 

20 

24 

30 

-Absent 

Present 

02 

76 

70 

GO.S 

03.4 

03.5 

25 

•24 

25 

27 

25 

Present 

Absent 

Present 

S4 

S4 

100 

1W.2 

00.0 

03.S 

15 

26 

•24 

34 

23 

s 

Present 

.Absent 

Present 

£6 

IW 

122 

00.0 

05.6 

9S3 

17 

26 

IS 

32 

23 

Present 

-Absent 

Present 

06 

S3 

S2 

00-5 

03.0 

05.0 

17 

26 

24 

34 

32 

Present 

-Absent 

Present 

73 

S9 

90.1 

07.S 

16 

22 

35 


S3 

05.0 

20 

31 




Xormal 


o' 

-Absent 


-r 

Awake 

JIucus 

. 1 . 

Xormal 

Sliijht cyanosis 

0 

Absent 

Mucus 

-r 

Asleep 

Emesis 


Xormal 


0 

-Absent 


“-r 

-Awake 


-r-r 

Xormal 

Slight cyanosis 

0 

Awake 

Excitable and 


at end of 

diflicnit to con- 


2 hours 

trol at the end 
of 2 hours 

-r -r 

Xormal 


0 

Absent 


— — 

-Asleep 



Xormal 

JIucus 

0 

-Absent 


-r 

-Awake 



Xormal 


0 

-Absent 


-r 

-Awake 


-r — 

X'ormal 


0 

-Absent 


-r 

-Asleep 


— 

Xormal 


0 

-Absent 


0 

-Awake 


-i. 

Xormal 


0 

-Absent 


0 

-Asleep 


-r — 

Xormal 


0 

-Absent 

Mucus 

0 

-Awake 

Emc-si= 

— 

Xormal 

Mucus 

0 

Absent 

-r 

-Awake 

Emesis 

-r-r 

Xormal 


0 

-Absent 


-r-r 

Awake 


-f — 

Xormal 


0 

Absent 


■r-r 

Asleep 


-f-r 

Xormal 


0 

Absent 



Asleep 



'e basal metabolic readings \ tv ^ 

of the Lpiratort- “^-e in millimet 

-- -e were able^o uT; Z 

exact measurements instead of such 



* TfltG 3^^ 

Typical graph for the basal metabolic reading, showing respira 
amplitude : Upper curve, before anesthesia ; middle curve, after one hou 
thesia, and lower curve, after four hours of anesthesia. 
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as deep and shallow. The average amplitude ot respiration before anes- 
thesia was 35 mm.; after one hour, 25 mm., and after four hours, 31 
mm., representing a decrease at the end of one hour which was not quite 
made up at the end of four hours. Thus it can be seen that with an 
increase in the respirator}' rate there is a decrease in the respirator} 
amplitude. 

In these studies purely mechanical faults, such as a falling back of 
the tongue and jaw, were eliminated. ^lany of the reports in the litera- 
ture of slow, shallow respirations were due to the unfavorable combina- 
tion of avertin with the supporting narcotic. 

In all of the cases comeal reflexes and knee jerks were absent at 
the end of one hour of anesthesia but in most of the cases had returned 
at the end of four hours. In studying the cases it was noted that the 
conjunctival and comeal refle.xes disappeared first. Then a loss of 
muscular tension occurred and lastly a disappearance of tendon and skin 
reflexes. The pupils were at first narrow, and they dilated when struck 
by light. Then a state of contraction without reaction to light followed. 
The pupils next gradually dilated with a slow reaction to light, finally 
returning to their normal status. Phar}'ngeal and tracheal reflexes, as 
illustrated by inducing swallou'ing and cough, were preserved late. 

-A-t the end of four hours of anesthesia, nine patients were awake. 
The remaining patients, with the exception of one, had recovered from 
the primar}' anesthesia and appeared to be sleeping naturally. In one 
case the patient was excitable and difficult to control at the end of two 
hours. 


Slight c}'anosis was noted in two cases. In five cases there was an 
accumulation of a moderate amount of mucus in the phar}'nx. Vomiting 
in slight degree occurred in three cases. The unifomi absence of sweat- 
ing was of interest, in contrast to the usual profuse perspiration in 
inlralation and spinal anesthesia. 


Arterial and Venous Blood Pressure . — Observations on the arterial 
and \enous blood pressure are shown in table 3. In thirteen cases there 
lias a drop in systolic blood pressure; in one case, a slight rise, and in 
one rase, no change. The average systolic pressure before anesthesia 
ivas 113 mm. of mercur}-, with a high level of 140 and a low level of 96. 

f systolic pressure was 89 mm., with a 

h * level of 108 and a low level of 68. the end of four hours the 

the rle ^T^tolic pressure was 24 mm for 

i” » 4ra„7„o r " ='«'=n cases, a rise 

ca.cs and „o change m two cases. The average diastolic pressure 
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before anesthesia was 71 mm. with a high level of 96 and a low level of 
58. At the end of one hour the average diastolic pressure was 63 mm., 
with a high level of 90 and a low level of 54. At the end of four hours 
the average diastolic pressure was 66 mm., with a high level of 90 and 

'r.Miu'. .1 — Arterial and Venous Blood Pressure 


Ciifc 


Time 


Systolic 
Pressure, 
Mm. Hg* 


Diastolic 
Pressure, 
Mm. Hg» 


Pulse 
Pressure, 
Mm. Hg* 


Venous 
Pressure, 
Cm. HsO 


1 Pofore nncstlicsin lOS 

1 liour after anesthesia... lOS 

4 hours after anesthesia.. lOS 


78 

30 

6.5 

90 

18 

9.0 

80 

28 

9.0 


i 


G 


I 


S 

0 

10 


11 


12 


13 


14 


15 


Averages 


Ileforo anesfliesin 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before nnesthes/a 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anestliesia 

1 hour after anestliesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia.. . 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anestliesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia..... — 
1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia... 

1 hour after anesthesia... 
4 hours after anesthesia.. 

Before anesthesia 

1 hour after anesthesia.. . 
4 hours after anesthesia.. 


102 

7G 

88 

60 

80 

50 

T>2 

80 

SO 

CO 

no 

68 


26 5.0 

28 8.0 

30 5.0 

42 5.5 

20 8.0 

42 3.0 


106 

04 


CO 46 8.5 

CO 34 10.0 (Strained) 


98 

70 

28 

100 

70 

30 

104 

70 

34 

98 

60 

38 

88 

64 

24 

no 

76 

34 

120 

60 

60 

100 

58 

42 

no 

60 

50 

no 

70 

40 

86 

60 

26 

84 

60 

24 

140 

96 

44 

68 

54 

14 

112 

90 

22 

104 

64 

40 

84 

58 

26 

70 

50 

20 

114 

70 

44 

88 

54 

34 

no 

70 

40 

136 

100 

80 

70 

56 

30 

118 

70 

48 

06 

80 

94 

58 

58 

50 

38 

22 

44 

122 

100 

114 

70 

60 

64 

52 

40 

50 

116 

78 

106 

68 

64 

70 

48 

14 

36 

113 

89 

102 

71 

63 

66 

42 

26 

36 


5.0 

10.0 (strained) 


9.0 

8.0 
8.0 

3.0 

4.0 


8.0 

12.0 (strained) 


3.0 

4.0 


6.0 

8.0 


4.0 

4.0 

4.0 

5.0 

3.5 

5.0 

3.0 

4.5 
3.0 

3.5 
3.5 


8.0 

7.0 


5.5 

6.9 

5.3 


* Mercury. _ . 

low level of 50. The average fall in diastolic pressure was mm. 
le end of one hour and 5 mm. at the end o ^ e (72 mm., 

I, might be noted that the greatest *<>0 ” ““f fp ,|,o„ed 

,stolic pressure; 42, diastolic pressure) was tn case D. 
le highest blood pressure before operation. 
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The pulse pressure dropped in thirteen cases and rose in two. The 
average pulse pressure before anesthesia was 42 mm., with a high value 
of 60 and a low value of 26. At the end of one hour of anesthesia the 
average pulse pressure was 26, with a high value of 42 and a loi\ ^ a ue 
of 14. At the end of four hours the average pulse pressure was 36, with 
a high value of 50 and a low value of 20. The average fall in pulse 
pressure was 20 mm. in one hour and 6 mm. in four hours. 

.According to other observers (Anschutz, Specht and Tiemann, 
Ransom" and Ta 3 dor and Lund^) the blood pressure almost uniformly 
drops, but the pulse pressure is changed onlj' slighth'. The fall in blood 
pressure is due to a parah’sis of the vasomotor center. Our findings 
do not agree with those of Domrich/ who permitted experiments to be 
made on himself and who found that with avertin alone the blood pres- 
sure decreased onl)- slightW. 

The venous blood pressure rose slightly in ten cases, fell in three 
and remained unchanged in two. In three of the cases in which there 
was a rise there was straining when the needle was inserted into the vein. 
In eight cases determinations were not made after four hours of anes- 
thesia. The average venous pressure before anesthesia was 5.5 cm. of 
water, with a high value of 9 and a low value of 3. At the end of one 
hour of anesthesia the average venous pressure was 6.9 cm., with a high 
value of 12 and a low value of 3.5. At the end of four hours the aver- 
age venous pressure was 5.3 cm., with a high value of 9 and a low value 
oi 3. There were an average rise of venous pressure of 1.4 cm. within 
one hour and an average fall of 0.2 within four hours. Venous pres- 
sures were determined b}' the direct method, the venous puncture being 
made in the median basilic vein of the left arm at a level with the heart. 

According to Eyster,® the venous pressure under basal conditions in 

normal persons is usually from 4 to 6 cm. The upper limit of normal is 
11 cm. 


^ Basal Studies of basal metabolism are shown in table 

“■ In SIX of the cases determinations were not made after four hours of 
anesthesia. In all of the cases the basal metabolism dropped. 


F.; Avertin Anesthesia in Sur- 

8 .. Ergcbn. d, Chir. u. Orthop. 23: .106, 1930. 

ArAihA;' A",™:! Otcurrins i„ Aven,'„ 

Xcw England T. Med. 206:612, 1932. 

A Dcmrich; Ac«o» oi Avertio on CircnMoo, z.nlralbl, t. Chir. 55:2632, 

A'-.ASrc’it.'iKA'’"'''' Tho 



Taiilk 4 . — Basal Metabolism 


ClIFC 

1 

0 

«!!!!!!!! 

■1 

r. 

0 

1 

s 

I) 

10 !!! 

11 

12 

Ill 

M 

ir. 

AvernRos 


Before 

Ancsthesin 

— 5 
—12 
+17 

0 

+ 5 
—10 
+10 
+ 3 
+ 2 

— 7 
+ 7 
+33 
+12 
— C 
+1C 
+ i 


1 Hour of 
Anesthesia 

—15 
-23 
—19 
— S 
— 8 
—25 
—23 
—24 
—14 
-38 


— / 
—21 
—20 
— 3 
—IS 


4 Hours of 
Anesthesia 

—11 


—13 

0 

—19 
—12 
—10 
— 5 
—10 
+ 2 


— 9 


Tahi.e S. — Blood Chemistry 


Carbon Choles- Ester 

Dioxide, Choles- terol Con- Cal- Chlo- 

Urea, Sucar, per Cent terol, Ester, tent, cium, rides, 

JlR. per Jle. per of Jig. per Jig. per per Jig. per Jig. per 
Case Time 100 Cc. 100 Cc. Volume 100 Cc. 100 Cc. Cent 100 Cc. 100 Cc. 


1 Before nne-stlie.^Ia 10 

1 hour of anesthe.'la 9 

4 hours of nnesthe.sla.... 10 

2 Before nne.sthc.'Ia IG 

1 hour of anc.sthesla 13 

4 hours of anesthesia.... 15 

3 Before anesthesia 20 

1 hour of anesthesia 20 

4 hours of anesthesia. . . . 19 

4 Before anesthesia 11 

1 hour of anesthesia 13 

5 Before anesthesia 24 

1 hour of anesthesia 24 

4 hours of anesthesia — 24 

0 Before anesthesia 12 

1 hour of anesthesia 9 

4 hours of anesthesia — 10 

7 Before anesthesia 12 

1 hour of anesthesia 13 

4 hours of anesthesia — 13 

S Before anesthesia 17 

1 hour of anesthesia 17 

4 hours of anesthesia — 15 

9 Before anesthesia 14 

1 hour of anesthesia 20 

4 hours of anesthesia — 21 

10 Before anesthesia 12 

1 hour of anesthesia 12 

4 hours of anesthesia — 13 

11 Before anesthesia 9 

1 hour of anesthesia 9 

4 hours of anesthesia 10 

12 Before anesthesia 11 

1 hour of anesthesia 11 

4 hours or anesthesia 12 

13 Before anesthesia 13 

1 hour of anesthesia 13 

4 hours of anesthesia 13 

14 Before anesthesia 17 

1 hour of anesthesia 15 

4 hours of anesthesia 10 

15 Before anesthesia IS 

1 hour of anesthesia 16 

4 hours of anesthesia 17 

Averages 

Before anesthesia 14 

1 hour of anesthesia 14 

4 hours of anesthesia 14 


85 

60.2 

ISO 

125 

69 


550 

105 

57.0 

156 

72 

46 


538 

70 

55.0 

144 

50 

34 


561 

100 


310 

200 

65 

13.6 

526 

100 

52.5 

o50 

225 

64 

12.6 

535 

115 

.51.0 

330 

230 

66 

10.8 

526 

100 


170 

110 

05 

10.9 

538 

80 


ISO 

SO 

62 

10.6 

560 

78 

.... 

ISO 

70 

54 

.... 

515 

75 

75 

5C.5 

51.5 

120 

125 

75 

70 

63 

56 

10.4 

10.0 

492 

468 


r* 

290 

145 

50 

10.5 

550 

95 

So 

54'0 

56.0 

285 

280 

150 

120 

53 

43 

10.6 

10.7 

560 

550 

90 

110 

90 

60.5 

60.5 

58.5 

230 

200 

200 

135 

110 

115 

59 

55 

57 

.... 

598 

585 

585 

120 

130 

105 

55.0 

57.0 

55.0 

220 

190 

ISO 

105 

105 

90 

47 

55 

50 

10.4 

10.4 

10.6 

527 

504 

515 

95 

85 

SO 

50.5 

5S..5 

50.5 

197 

183 

160 

105 

98 

100 

53 

54 

63 

8.4 

9.7 

10.6 

560 

560 

560 

90 

95 

SO 

61.0 

60.0 

57.0 

260 

268 

280 

106 

164 

208 

41 

61 

74 

9.5 

9.8 

9.7 

525 

540 

550 

95 

105 

80 

105 

115 

100 

105 

59.0 

57.0 

59.0 

57.5 

55.5 

53.5 

58.0 

204 

218 

200 

210 

200 

206 

198 

148 

154 

143 

156 

148 

150 

140 

73 

71 

72 

74 

74 

73 

71 

67 

10.8 

10.9 

10.9 

7.6 

10.5 

10.4 

10.2 

9.8 

540 

5.50 

555 

575 

.505 

585 

570 

.560 

105 

120 

95 

57.0 
55.5 

50.0 

204 

190 

145 

lo6 

136 

104 

72 

72 

9.9 

9.7 

9.7 

550 

535 

555 

95 

70 

115 

120 

110 

95 

100 

SO 

47.5 

47.5 

54.5 

52.0 

55.0 

52.0 

50.0 

49.0 

136 

144 

335 

280 

310 

210 

210 

195 

89 

61 

225 

190 

200 

160 

145 

130 

42 

67 

68 

65 

76 

69 

67 

8.8 

11.1 

10.9 

10.3 

10.4 

10.4 

10.2 

535 

570 

500 

525 

550 

570 

540 

96 

lOl 

90 

56.7 

55.0 

54.5 

219 

209 

212 

136 

129 

129 

63 

61 

59 

10.3 

10.5 

10.3 

550 

547 

548 


9 


arnhedi-tuchman-avertin anesthesia 


per cent, 


The avera^^e basal metabolism before anesthesia was 
..ith a hiX^lue of + 33 and a loa- value of - 12. At the end ot^ne 
hour the average basal metabolism was — 18, wth a high value o 
and a low value of -38. At the end of four hours the average basal 
metabolism was — 9, with a high value of 2 and a low value ot . 

The average fall in basal metabolism was 22 per cent in one hour and 
13 per cent in four hours. The most marked fall in basal metabolism 
was in case 12, in which there was a fall of 40_per cent. The patient 
had a basal metabolism of -p 33 before anesthesia. 

The studies in basal metabolism were carried out with the Eenedict- 
Roth apparatus. A characteristic basal metabolic graph is presented. 

Blood Chemistry . — ^The blood chemistrv' is shown in table 5. The 
figures for urea were remarkabh' constant, tliere being no variations in 
the averages for the preliminarv' observation, nor for the observ'ations 
made at the end of one and four hours. The individual variations were 
slight and were always within the margin of experimental error, and the 
resultant gives a flat figure of 14 mg. per hundred cubic centimeters of 
blood for all three periods. 

Waters and ^luehlberger ® and Stander ' found no significant 
changes in the figures for blood nitrogen, but the complicating factor of 
operation was present in Waters and Muehlberger’s seven cases and that 
of supplementarv- narcotics in Standee’s five cases. 

The blood sugar showed a slight initial rise and a slight terminal 
tall, being 5 mm. per hundred cubic centimeters higher at the end of one 
hour than at the outset and 6 mm. lower at the end of four hours. The 
highest individual rise was 20 mm. after one hour of anesthesia, and the 
greatest fall, 25 mm. after four hours. 

Under the conditions described in the papers of Waters and iluehl- 
berger and Stander a rise in blood sugar was found. We can sav that 
the rise in blood sugar is purely an effect of the avertin. 

The carbon dioxide content of the blood showed a slight tendency- to 
all, the average^figures being 56.7 volumes per cent at the preliminary 
< etennination, 55 volumes per cent after one hour of anesthesia and 54 5 
volumes per cent after four hours. The total fall was 2.2 volumes per 
cent. This is a slight change. The greatest fall was 6.5 volumes per 
ceni. In two cases the carbon dioxide content rose slightly. The lowest 
recorded figure is 47.5 volumes per cent. 

According to Wymer and Fuss,® who studied four cases of avertin 
ancst icsia. t here were the following changes in the acid-base balance ; The - 

C- Tribromethanol Anesthesia, Arch. 

Avertin Xarco.s, ^ 
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alkali reserve (!l,c carbon dioxide-combining power of the plasma) fell 

rcl, r'e'l r'Tr “r i’’ ''"y*"? P«iods of time it 

rctuniccl to but did not exceed, the norinai. There was never an 

inciease of t/ic alkali reserve above normal. 


Ihc reaction of the urine was shifted in the acid direction, the 
acidihcation lasting from twenty-four to forty-eight hours. The 
ammonia content of the urine was increased after the anesthesia ; it fell, 
but did not reach normal within twenty-four hours. Wymer and Fuss 
concluded that the fall in alkali reserve with increased acidity of the 
urine and increased ammonia content was caused by true acidosis. 
Practicall}^ the danger of acidosis is not great if the regulatory mecha- 
nisfn, pai ticularlj' the kidneys and the respiratory center, are normal. 
In seven cases Achelis ” found a lowering of the alkali reserve of from 2 
to 6.6 volumes per cent. 

The blood cholesterol averages were 219 mg. per hundred cubic centi- 
meters for the preliminary reading, 209 mg. for the determination made 
after one hour, and 212 mg. for that made after four hours. The 
cholesterol esters were 136, 129 and 129 mg., respectively, for the same 
periods, representing an ester percentage of the total cholesterol of 63, 
61 and 59 per cent, respectively. These figures were fairly constant. 

We were particularly interested in these findings because of recent 
work showing the importance of the cholesterol and the cholesterol 
ester content of the blood plasma in determining hepatic damage 
(Thannhauser and Schaber^® and Epstein “). The liver is the main 


excretory organ of cholesterol and regulates the relative content of 
cholesterol and cholesterol ester in the blood ; 1 molecule of cholesterol 
is compounded with 1 molecule of fatt}' acid. In 100 cc, of normal 
human blood plasma there is from 150 to 200 mg. of total cholesterol, of 
which from 50 to 70 per cent is in the form of cholesterol ester. The 
aforementioned authors showed that in cases of hepatic damage the 
values for cholesterol ester were below those for free cholesterol, and 
that in the more severe cases the esters were much diminished oi absent. 
The disappearance of the cholesterol ester occurs when the liver loses 
its ability to esterify the free cholesterol. 

The figures for blood calcium showed little variation, the average 
figures being 10.3, 10.5 and 10.3 mg. per hundred cubic centimeters, 
respectively, for the preliminary determination and for the determina- 
tions made after one hour and after four hours. 


9 . Achelis; Acid Base Relations and Operative Risk, Xarkose u. Anaesth. 

11 : 541 , 1928. , 

10. Thannhauser, S. J., and Schaber. H.: Studies in Blood Cholesterol, Khn. 

Wchnschr. 5:252, 1926. . . . 

11 Fnstein E Z.: Cholesterol of the Blood Plasma m Hepat.c and Bihary 

DiseLrirch. Int. Med. 50:203 (Aug.) 1932. 
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The chlorides in the blood were similarly constant, the average 
figures being 550, 547 and 548 mg. per hundred cubic centimeters, 
respectively, for the preliminar}’ obsen'ation and for the determinations 

made after one hour and after four hours. ^ 

In summing up the changes in blood chemistry, we should '^7 
the urea, cholesterol and cholesterol ester, calcium and chlorides did not 
change appreciably, and that a minimal early rise and subsequent tall 
in the sugar content and a slight fall in the carbon dioxide content took 
place. 

Plasma Volume.— Tht plasma volume as determined by tlie hema- 
tocrit in twelve of fifteen instances showed a rise, which in the 
extreme instance reached 9 per cent (table 6). In only ts%o instancea 
was there a fall. The average rise from the preliminar}- determina- 

T.\ble 6. — Percentage of Plasma Volume 



Before 

1 Hoorof 

4 Hours of 

Case 

Anesthesia 

Anesthesia 

.Anesthesia 

1 


S3 

GO 

O 

60 

54 

v'> 

3 


61 

GO 

4 


64 

C3 

5 

60 

66 

63 

6 


GO 

.57 

1. 

5.3 

GO 

62 

fi 

60 

63 

61 

9 


55 

to 

10 


54 

55 

11 


63 

65 

1*2 


61 

63 

12 

64 

66 

67 

14 

63 

64 

63 

15 

64 

00 

63 

-Weiages 

59 

61 

62 


tion to that made after four hours was 3 per cent. In most instances 
the dilution was greater after four hours than after one hour, 
although this finding was not constant. The average figures are 59, 61 
and 62 per cent, respectively, for the preliminar}- determination and for 
the determinations made after one hour and after four hours. 

Hematologic Studies (table 7). — In this group five cases were 
studied. The determinations were made before anesthesia tvas given 
and again two hours after the administration of the avertin. There 

^^ere no significant changes in the hemoglobin and in the number of red 
cells. 

r ^ platelet count, and in two a 

tail. Tlie average platelet count was 266,000 before anesthesia, as com- 

Sgh! 28/ ,000 after trvo hours of anesthesia. The difference is 

Mood count rising 

c.OOO to 14.200. In all other cases there ivere only minor changes. 
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Cnsc 

7 IIomORlobln 

Keel blood cells 

Platelets 

Wliltc blood cells... 
Ditlerentlnl: 

Staff cells 

Segmented cells. 
Eosinophils...;. 

Basophils 

Lymphocytes... 
Ufononiiclenrs.. 
Kefleular cells.. 
Coagulation time.., 

9 Hemoglobin 

Red blood cells 

Platelets. 

■\Vhlte blood cells 

Differential; 

Staff cells 

Segmented cells.. 

Eosinophils 

Basophils 

Ej’mphocytcs.... 
Mononuclears. . . 
Reticular cells. . . 
Coagulation time... 

10 Hemoglobin 

Red blood cells: 

Platelets 

White blood cells 

Differential; 

Staff cells 

Segmented cells... 

Eosinophils 

Basophils 

Lymphocs’tes 

Mononuclears 

Reticular cells 

Coagulation time 

11 Hemoglobin 

Red blood cells 

Platelets 

White blood cells 

Differential; 

Staff cells 

Segmented cells... . 

Eosinophils 

Basophils 

Lymphocytes 

Mononuclears 

Reticular cells 

Coagulation time 

13 Hemoglobin 

Red blood cells 

Platelets 

White blood cells 

Differential; 

Staff cells 

Segmented cells... . 

Eosinophils 

Basophils 

Lymphocytes 

Mononuclears 

Reticular cells 

Coagulation time 


Tavle 7. — Hematologic Studies 


Before 

2 Hours of 

Anesthesia 

Anesthesia 

102 per cent 

104 per cent 

5,300,000 

5,500,000 

310,000 

260,000 

8,S00 

14,200 

5 per cent 

5 per cent 

09 per cent 

74 per cent 

0.5 per cent 

1 per cent 

1 per cent 

0 per cent 

19.5 per cent 

17 per cent 

5 per cent 

3 per cent 

0.5 per cent 

0.5 per cent 

10 minutes 

4 minutes 

92 per cent 

93 per cent 

5,170,000 

5,200,000 

220,000 

245,000 

S,200 

6,350 

11 per cent 

4 per cent 

50 per cent 

60 per cent 

5 per cent 

8 per cent 

1 per cent 

0 per cent 

23 per cent 

22 per cent 

10 per cent 

6 per cent 

21 per cent 

21 per cent 

7 minutes 

5 minutes 

S9 per cent 

87 per cent 

5,2,70.000 

4,900,000 

250,000 

250,000 

6,400 

4,600 

2 per cent 

2 per cent 

53 per cent 

48 percent 


6 per cent 


1 per cent 

41 per cent 

38 per cent 

4 per cent 

5 per cent 

0.5 per cent 

0.5 per cent 

7 minutes 

4 minutes 

S5 per cent 

S4 per cent 

4,500,000 

4,250,000 

200,000 

290,000 

7,500 

8,000 

4 per cent 

S per cent 

06 per cent 

67 per cent 


1 per cent 

22 per cent 

22 per cent 

B per cent 

2 percent 

0.5 per cent 

1 per cent 

4 minutes 

4 minutes 

S3 per cent 

8.7 percent 

4,390,000 

4,620,000 

350,000 

420,000 

7,600 

7,200 


4 per cent 

05 per cent 

68 per cent 

3 per cent 

1 percent 


1 per cent 

27 per cent 

22 per cent 

5 per cent 

4 per cent 

0.5 per cent 

0.5 per cent 

4.5 minutes 

1 minute 
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Finaly^^ studied the white blood cells before and during ave^n 
narcosis and found an increase in the total number of leukocytes. The 
average white cell count before the narcosis was 10,/ aO, and during the 
narcosis, 16,600. 

Table 8 . — Urinalysis 


Amount. 

Specific 

AlbU- 


Ace- 

Case Time 

Cc. 

Gravity Reaction 

min sugar 

tone 

1 Before anesthesia — 

1=0 

1.014 

Acid 

0 

0 

0 

A 

4 hours of anesthesia 

200 

1.010 

Acid 

0 

0 

u 

2 Before anesthesia — 

150 

1.010 

Acid 

0 

0 

0 

4 hours of anesthesia 

SO 

1.034 

Acid 

Trace 

0 

0 

3 Before anesthesia 

75 

1.C32 

Acid 

Very 

0 

0 




famt trace 


4 hours of anesthesia 

315 

1.022 

Neutral 

Very 

0 

0 




lamt trace 


4 Beiore anesthesia 

175 

1.020 

Acid 

0 

0 

0 

4 hours of anesthesia 

75 

1.044 

Acid 

0 

0 

0 

5 Before anesthesia 

200 

1.022 

ABratine 

0 

0 

0 

4 hours of anesthesia 

120 

1.042 

Acid 

0 

0 

0 

6 Before anesthesia 

no 
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case there was eosinophilia of 6 per cent in a patient who had had no 
cosinopliilia before the anesthesia was given. 

1 lie rccluctjon in the dotting time is of interest. This was a con- 
stant fincling. The nvernge dotting time before anesthesia was six 
and one-half minutes; two hours after anesthesia it was three and one- 
Jialf minutes. We do not know the reason for this lowering of the clot- 
ting time. Changes in the platelet count or in the blood calcium content 
do not explain the finding in these cases. 

Final}' carried out studies of the coagulation time in thirty-eight 
cases. He found that it was decreased in twenty-seven cases, increased 
in five and unchanged in six. The average coagulation time before the 
narcosis was 10.2 minutes, and after the narcosis, 7.5 minutes. The 
decrease in the coagulation time was noted by another observer 
(La Cava^®). 


Hriiic. — The results of studies of the urine are shown in table 8. 
Examinations were made of specimens obtained before anesthesia and 
four hours after anesthesia. The average amount of urine secreted after 
four hours Avas 118 cc. The amount of urine before anesthesia, as given 
in table 8, was determined approximately four hours after the last void- 
ing. There was an average decrease of about 50 cc. in the amount of 
urine after four hours of the avertin anesthesia. 

Coincident with the relative oliguria, there was an increase in the 
specific gravity, the average before anesthesia being 1.018 and that four 
hours after anesthesia was started, 1.032. In four cases from a faint trace 
to a trace of albumin was found after four hours ; this was not present 
before anesthesia. Sugar was absent in all of the cases. In one case 
acetone and diacetic acid were present, but they Avere present also before 
the anesthesia. In one case a few hyaline casts were found after four 
hours, and in two cases some white blood cells. In all of the cases the 
reaction of the urine after avertin was acid or neutral. In one case there 
was an appreciable amount of urobilin (4.3 mg.) in the urine after 
avertin anesthesia. 

In his study of thirty-eight cases of avertin anesthesia, Finaly found 
acetone and diacetic acid in three cases Avhich did not show them 
before the anesthesia. In all of the cases the specific gravity of the 
urine was increased. Urobilinuria Avas occasionally observed. 


SUMMARY 

In this study of fifteen cases of avertin anesthesia in normal persons, 
uncomplicated by operation, auxiliary medication or supplementary 
anesthesia, the effects of avertin were; 

1. An average increase in the pulse rate of 16 per minute and an 
average increase in the respiratory rate of 6 per minute. 

13 La Cava, G. : Qinico-Experimental Contribution to Basal A%'ertin Nar- 
cosis, Policlinico (sez prat.) 39:210 (Feb. 8) 1932. 
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2. A decrease in the amplitude of respiration. 

3. An average decrease of 1.3 F. in the rectal temperature. 

4. An average decrease in the systolic blood pressure of 24 mm. 

5. An average decrease in the basal metabolism of 22 per cent. 

6. An average decrease in the clotting time of three minutes. 

7. A slight early rise in the blood sugar, a slight fall in the carbon 
dioxide content of the blood and a slight rise in the plasma volume. 

8. A negligible change or no change in the venous pressure, blood 
cholesterol and cholesterol ester, blood calcium, blood chlorides and 
formed blood elements. 

9. Slight oliguria and an increase in the specific gravitj- of the 
urine, 

10. Loss of the conjunctival and tendon reflexes, with a late preser- 
vation of cutaneous and phar}Tigeal reflexes. 

11. Slight cyanosis in two instances, increase in the secretion of 
mucus in the phaiynx in five instances and slight vomiting in three 
instances. 

No untoward effects followed the use of avertin in the dosage 
employed in basal anesthesia. 



(J UNSHOT WOUNDS OF THE HEAD 

AN ANALYSIS OF ONE HUNDRED AND FIVE CASES 
JOHN V. GOODE, M.D. 

DALLAS, TEXAS 

This series of 105 cases of gunshot wounds of the head was collected 
from the records of the Cwciimati General Hospital from 1922 to 1932. 
The total mortality rate (80.2 per cent) for 96 craniocerebral injuries of 
this series is considerably higher than that found for the same type 
of injury sustained during the World War. Cushing, ^ reporting a series 
of 219 cases in which operation was performed in a casualty clearing 
station, found' a total mortality rate of 32.4 per cent, or, excluding 22 
scalp wounds, 35.5 per cent for all craniocerebral injuries. Jefferson/ 
reporting from a base hospital, found no deaths in 91 cases of injury 
to the head without dural penetration and a mortality rate of only 37.6 
per cent in 79 cases with dural penetration. Both considered only opera- 
tive cases; however, every patient not moribund is said to have been 
subjected to operation. Horrax,® also reporting from a base hospital, 
operated on 93 of 132 patients with craniocerebral injuries, with a 
mortality rate of 37.6 per cent. He stated that 31 of the 132 injuries 
were cranial fractures without injury to the dura, which in part explains 
the low total mortality rate of 36.3 per cent for the entire series. This 
figure, 36.6 per cent, is comparable to the total mortality rate of 80.2 
per cent for the 96 craniocerebral injuries reported in this paper. There 
is no such great difference in results, however, when the operative mor- 
tality rate for this series — 45.1 per cent — is compared to the operative 
mortality rates mentioned earlier. As all patients reported in this series 
were alive on admission, and as every patient whose condition offered 
any possible chance of recovery was operated on, this series is compara- 
ble to that reported by Cushing. Since the operative mortality rate of 
all four series is essentiall)^ the same, the doubled total mortalitj' rate 
of this series must be accounted for by the fact that the wounds were 
more severe or, more likely, that patients were seen earlier; many in this 

From the Department of Surgery of the College of Afedicine of the University 
of Cincinnati and the Cincinnati General Hospital. 

1. Cushing, Harvey: A Study of a Series of Wounds Involving the Brain 
and Its Enveloping Structures, Brit. J. Surg. 5:558 (April) 1918. 

2. Jefferson: Brit. J. Surg. 7:262, 1919 . 

3. Horra.x, G. ; Observations on a Series of Gunshot Wounds of the Head, 
Brit. J. Surg. 7:10 (July) 1919. 
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series would never have lived to reach the casualty clearing stations ot 
the war. Cushing stated that tew were operated on within the hr=t 
twelve hours after injur}', and many after an inteiwal of trventy-four 
hours. In this series there were only 8 admitted later than one hour 
after injur}'. 

:tlany cases showed no improvement regardless of the supportive 
measures that were employed. Of the 77 patients who died, 42.8 per 
cent died within two hours of admission and 90.9 per cent w ithin tv, ent} - 
four hours. These Uvo factors, the early admission and the early death 
of so many patients in this series, probably explain best the high total 
mortality rate. 

MATERIAL 

Every case of gunshot wound of the head brought to the receiving 
ward of the Cincinnati General Hospital is seen promptly by a member 
of the surgical house staff. If the patient is alive he is sent directly 
to the wards. Those who were dead on arrival or who died in the 
receiving ward are not reported in tliis series. All histories except 8 
stated that the inteiwal between injuty and admission was one hour or 
less. An anah-sis of the material for this series is best made by con- 
sulting the following: 
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Per Ce.Tt 

s« 
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9i 

SDA 
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n 

lOj 

Race 



Wliite 


J51 .f3 

Colored 

ID 

1S.1 

Canse of injarr 



Snlclde 

. . FT. 

9 

Jlanslanghtcr 


M.3 

Accident . . . 



32.4 

Details tmknowT] 

4 

3 = 


It is interesting to note that of the 56 persons who attempted suicide 
only two were female and none was colored. Often the type of firearm 
used is not mentioned, but by far the majority of the wounds were 
caused by pistol bullets fired at close range. In general, pistols of lorv 
caliber, .such as .22 and .32. were used except when the police using the 
•38 caliber service pistol were involved. 


AXALYSIS OF GROUPS 

1. Gimshol Woi(?ids of the Head Tvith the Dura There tvere 

3 instances of this type of injury. Nine involved only the scalp or 
ace and required only daridement of the wound with pnmaw suture, 
uere were no deaths from these superficial wounds. Four of the 
U showed a fracture of the skull. One of the 4 died on the second dav 

, “ ty'f ty'>”'P™saion. This patient had attempted suicide 
use ot heart faiiurc. The bullet opened both frontal sinuses and 
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c.vposcci (he chira, but did not injure it. Under local anesthesia the 
edges of the skin and bone were excised, small folded rubber protective 
( rams were placed in the frontal sinuses, and the skin was closed loosely 
With fine lilack silk sutures. The dura was not opened. 

2. Gunshot Wounds of the Head ivith Laceration of the Dura, But 
No Borcign Bodies in the Brain. — There were 9 instances of this type 
of injury, with S operations and no deaths. The 1 patient not operated 
on was shot through the base of the nose, the bullet entering on the 
left side, crossing' the right side of the face and ending just beneath 
the skin below and behind the right ear. At first no craniocerebral 
injury was suspected, but on the second day blood-tinged cerebrospinal 
fluid drained from the left nostril. The drainage of spinal fluid con- 
tinued for three or four days and then stopped spontaneously. This 
case was complicated by the development of an arteriovenous aneurysm 
in the right side of the neck beneath the bullet. The bullet was removed, 
fortunately without opening the arteriovenous communication. 

In every case prompt operation was performed, with thorough 
debridement of skin, bone and cortex and suture of the dura and skin 
without drainage. In 1 instance, the dural defect was so great that a 
piece of fascia lata was used to effect a closure. 

3. Gunshot Wounds of the Head with Subcortical Lodgment of 
Foreign Bodies. — This is the largest group of the series. There were 
49 cases with 42 deaths, a total mortality rate of 85.7 per cent. Only 
15 of the 49 patients were operated on, with an operative mortality rate 
of 60 per cent. A study of the t 3 'pe of wounds in this group reveals 
several interesting facts. There were only 5 with tangential or gutter- 
like wounds, with detached fragments of bone driven into the brain. 
Of these 5, 4 recovered. The remaining 44 patients had a bullet or 
bullets retained within the skull. As might be expected from the few 
instances of the gutter type of wound and the high percentage of cases 
of suicide, most of the wounds were found in the temporal region at 
the level of the ear, usually just in front of it. Three patients recov- 
ered without remoA'al of the penetrating bullet; 2 of these received 
debridement of the wound of entrance with no attempt to remove the 
bullet, and 1 received no operative treatment. 

This group of cases, with a mortality rate of 85.7 per cent, offers a 
difficult problem. That many are hopeless from the start is shown 
by the fact that only about one third of the total number came to opera- 
tion. Preoperative roentgenograms should be made in every case in 
order that the number and position of foreign bodies may be determined. 

It is well to have blood typing done for transfusion if possible. The 
operation itself consists of careful d&ridement of skin, muscle and bone. 
The removal of the whole fractured portion of the skull en bloc has 



19 


GOODE-GUNSHOT WOUNDS OF HEAD 


not been carried out in this series. It is not so important to exdse the 
edges of the tom dura, although this tissue may have to be incised 
further to control bleeding from the cortex and to allow thorough 
exploration and cleansing of the track of the bullet in the cortex. The 
cortical wound is best handled by the technic described by Cushing. 

catheter attached to a sterile syringe is used alternately to irrigate 
and to suck the devitalized brain tissue from the track of the bullet. 

Z\Iost surgeons explore the wound once with the gloved index finger 
to be sure that no foreign bodies have been overlooked. In this series, 
whenever the dura could not be closed with fine black silk, a strip ^^as 
taken from the fascia lata and sutured to the edges of the dural defect. 
The wounds were closed without drainage in all the patients who recov- 
ered, closure consisting of interrupted sutures of medium black silk in 
the galea and interrupted sutures of fine black silk in the skin. A light 
cast for the head is helpful, because often the patient is restless and 
may derange the dressings or injure the unprotected brain. 

4. ThrougJt-avd-ThrougJi Gimshot Wounds of the Head . — There 
were 34 cases in this group with a mortality rate of 100 per cent. Only 
four were operated on, and these lived for an average of four hours 
after operation. Other reports on through-and-through wounds of 
the head give an average mortality rate of about 80 per cent, but this 
rate is based on only those cases in which the ventricles were not pene- 
trated. Cushing found a 100 per cent mortalit}* rate in cases showing 
penetration of one or both ventricles by fragments of bullets. In this 
series probably most through-and-through wounds were associated with 
the penetration of the ventricular system, because many of the patients 
attempted suicide and consequently were shot at close range through 
the midportion of the brain. Only 3 came to autopsy, but all of these 
showed perforation of one or both lateral ventricles. 

hiuncdiale Complications . — Infection is the most dreaded complica- 
tion of gunshot wounds of the head. There were 3 patients with 
complicating infections in this series. They were not admitted for 
treatment immediately after sustaining the injury*, 1 coming to the 
tospital four weeks after an incomplete daridement elsewhere, 1 com- 
for treatment thirt}-six hours after injury- and 1 being admitted 
-ixteen hours after injur}'. There was no instance in the entire series 
01 in.tttion with Clostridium Welchii, although this complication was 

™ reports dealing with cranial injuries sustained during 
^ c World War. Meningitis developed in 2 patients. 


Cufhiiig. Han-ey : 
1:221 fFeb 33 ) i9]g' 


NotcE on Penetrating W'emnds of the Brain, Brit. iSL J, 
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REPORTS OF CASES 

HnSfM admitted to the Cincinnati General 

Hosp tal four weeks after having been shot by a .38 caliber pistol. The wound 

of aitrancc was in the right temporal region 2 inches (5 cm.) above the right 
car the wound o e.xit was 2 inches above the left eye. Superficial debridemLt 
with a suture of the skin was carried out in another hospital. The patient stated 
hat he remained unconscious for four days and was discharged after two weeks 
For the next two weeks he had a mild frontal headache. For ten days prior to 
admission, there had been a clear watery discharge from both nostrils. 

On admission the patient was fully conscious, but somewhat confused. There 
were no visual disturbances and no weakness. The temperature was 99 F., and the 
pulse rate, SO. During his stay in the hospital only a slight amount of clear nasal 
discharge Avas noticed. Eight days before death, the patient became comatose 
and had a slight fever, but showed no localizing signs. Two days before death 
definite signs of meningitis developed ; the spinal fluid showed gram-positive cocci 
and 2,000 pol 3 'morphonuclear leukoc^'tes, A needle was inserted through one of 
the bullet wounds, but no abscess was located. 

Autopsy revealed the right frontal sinus filled with pus communicating through 
several cracks with a large abscess in the right frontal lobe. There were also 
signs of earlj- lobular pneumonia. 


Case 2. — L. E., a Negress, aged 13 , was admitted to the Cincinnati General 
Hospital thirty-si.x hours after being shot with a .22 caliber pistol. The wound 
of entrance was just above and medial to the right eye. There was no wound 
of exit. The temperature was 100.2 F. ; the pulse rate 128 and the respiratory rate, 
22. The patient was comatose and showed unmistakable signs of meningitis. 
There was a continuous drainage of clear spinal fluid from the right nostril. 
Cisternal drainage was carried out, but the patient died the next day. Autopsy 
showed that the right cribriform plate had been perforated by the bullet, which 
was lodged in the brain just behind the optic chiasm. Early meningitis appar- 
ently took its origin from an abscess that surrounded the bullet. 

Case 3. — One patient who recovered was admitted to the hospital sixteen hours 
after receiAu’ng a gutter-like wound in the forehead. Debridement of the wound 
was performed under local anesthesia; the devitalized brain tissue was washed 
away, the bone fragments were removed, the dura was sutured as well as possible 
and the skin closed with fine black silk. An extradural infection developed which 
required treatment Avith surgical solution of chlorinated soda. The patient Avas 
discharged on the tAventy-first day with a granulating wound of the forehead. 

Case 4. — One patient who had attempted suicide received a penetrating Avound 
of the left side of the forehead. Thorough debridement, with removal of the 
fragments of bone and the devitalized brain tissue and transplantation of the 
fascia Avithout drainage, Avas the surgical procedure. The bullet, shown by roent- 
genograms to be under the left temporal lobe, was not removed. On discharge 
five weeks after injury the patient showed no localizing signs, but there Avas 
definite mental instability. This mental instability has persisted for eleven 
It is not enough, however, to prevent the patient from doing houscAVOrk. _ It 
manifests itself in crying spells, poor memory and a feeling that she is going 
to lose her mind. There is apparently no desire to repeat the attempt at suicide. 

Case S.-In another case a fistula developed in the occipital region from Avhich 
cerebrospinal fluid drained. The fistula developed eight days after operation an 
drained for two weeks without causing serious complications. The bullet 
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flattened against the skull, the dura being punctured in one P’^ce by a sharply 
depressed fragment of bone. The puncmre was dosed with fine black silk sutures. 
There was no infection present at any time. 


FoUmc-Up Results.— Because this series extends over eleven years 
and because many of the patients who suiwived were transients, the 
follow-up results are very disappointing. Only 4 patients could be found 
tor reexamination. All 4 were classified in group 3, showing gunshot 
wounds of the head, with subcortical lodgment of foreign bodies. Two 
of the 4 still have bullets lodged in the brain ( 1 after ten } ears and 1 
after eighteen months), but in neither of these are there anj symptoms 
referable to the retained bullet. Two show hemiplegia, but this condi- 
tion seems to be improving with exercise. There is no instance of 
headache, fainting or epileptic seizures. One patient who left the 
hospital with pronounced diplopia and sensory aphasia was completely 
relieved of sj-mptoms in six months. 


COMilEXT 


This study emphasizes the importance of considering tlte interval 
of time betiveen injuiy- and admission for treatment before drawing 
any comparisons as to total mortalitv' rates in reports on gunshot rvounds 
of the head. This is particularly true in comparing reports on injuries 
in the war, few of which were seen in the first twelve hours, with 
reports of gunshot injuries of the head encountered in civil life, of 
which the vast majorit}' are seen in the hospitals within the first hour. 
The fact that of the 77 deaths reported here 90.9 per cent occurred in 
the first twenty-four hours shows how the amazing total mortalitv' rate 
ot 80,2 per cent can be found in a large municipal hospital, in which most 
injuries by gunshot are seen immediately after injurv'. 

The high percentage of suicide, 53.3, is startling. If the figures 
are analyzed by years no marked increase is noted in the past four 
>ears. However, the largest number for any one year was found in 
1932, in which there were 8 cases marked suicide, 4 marked .accident and 
- marked manslaughter. It is likely that the high percentage of cases of 
suicide explains in part the relatively infrequent occurrence of the gutter 
of gunshot wounds of the head (5) and also the high percentage 
or cases with retained bullets in the brain. Since the former is the 
most favorable and the latter the least favorable condition the total 
mortally- rate of 85.7 per cent for gunshot wounds of the head with 
” ^rtical lodgment of foreign bodies is at least partiallv explained. 
This study of cases reveals again the well known danger of infection 

iuiS'on ? ™ of 

^ on by Cl. \\ elchu probably because the operations were performed 

.1.= first There rvere 3 patients with cerLospinal 
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rhinorrhcu, 2 of whom died of meningitis; the other underwent no oper- 
ation for the gunshot wound hut recovered completely. In spite of 
the 1 recovery, cerebrospinal rhinorrhea should be considered as of 
grave prognostic significance. 

Many authors believe that retained foreign bodies lead to traumatic 
ejnlcpsy , some believe that foreign bodies should always be removed — 
if not at the primary operation, certainly at some later date. The 
follow-up data in this report are too meager to justify the expression 
of an opinion on this question, but 2 patients reporting for reexamina- 
tion showed how difficult the decision of this question may be. One 
had iiad a bullet in the cranial cavity for over ten years, and the other 
for over one year, but neither showed any symptoms referable to the 
bullet. Both were told the first symptoms of intracranial pressure and 
were instructed to report to the hospital should any of the symptoms 
develop. Perhaps this is begging the question, but it is difficult to decide 
to perform a craniotomy to search for a bullet that is causing no demon- 
strable trouble. 

SUMMARY 

1. A study of 105 cases of gunshot wounds of the head is reported. 
Of these, there were 96 cases of craniocerebral injury. 

2. The total mortality rate for the cases of craniocerebral injury 
was S0.2 per cent; for the 31 cases in which an operation was performed, 
it was 45.1 per cent. 

3. All except 8 patients were admitted to the hospital within one 
hour after the injury. Of the 77 deaths, 42.8 per cent occurred within 
two hours and 90.9 per cent within twenty-four hours. 

4. The high death rate in this series as compared with the statistics 
of the World War is undoubtedly due to the immediate hospitalization 

of all patients. 

5. In this series of 105 cases, there were 56 attempts at suicide— 
53.3 per cent. 

6. As recorded in all other studies, infection was the mam cause of 
death among patients who did not die as a direct result o the injury. 
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Some time ago (1929) it was decided to check the results ot some 
experiments in which it had been reported that the rate of healing in 
bone could be influenced bj' certain variations in the experiment. 
Although careful studies have been carried out by different investigators 
to determine the influence of a certain substance or condition on the 
healing of bone, the conclusions drawn by these investigators are variable 
and in some instances in direct conflict. It appears probable that the 
cause of these conflicting results is due in large part, if not entirely, 
to the difficulty of estimating the amount of healing which has taken 
place at any given time after fracture has occurred or has been produced 
for experimental purposes. Clinically, it is impossible to be certain 
when a fracture is healed sufficiently to allow resumption of function. 
For this reason certain minimum limits of time have been set more or 
less arbitrarily for each type of fracture. These limits are based on 
the experience that angulation or displacement may occur if function 
is resumed earlier. The appearance of the repair as seen in roentgeno- 
grams is of value in obsen-ing the amount of repair and in estimating 
its strength, but since the method is based entirely on opinion, it is 
inaccurate. Several roentgenologists reading the same roentgenogram 
would give verj’ different estimates of the strength of a given callus. 
Delayed union is also an unreliable measure of the healing of bone. 
There are various degrees of delayed union and a difference of opinion 
exists even as to when union is delayed. Nonunion is, of course, 
a definite entity when it does occur, but like delayed union it would 
serve only as a gross indicator when used to interpret experimental 
results. 


In most experimental investigations the healing of bone has been 
l^-?ed on the evidence of callus formation as seen in the roentgenogram 
nils gives no evidence of the early fibrous .callus before calcium" =ialt= 
arc deposited in it and an inaccurate estimate of the strength of the 
mg frac ture later when calcium salts are being deposited. 

Fryn-. t},c Dcivirtnicnt of Surgerj-, University of Minnesota. 
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rliiiiorrhca, 2 of whom died of meningitis; the other underwent no oper- 
ation for tlie gunshot wound hut recovered completely. In spite of 
tlie 1 recovery, cerebrospinal rhinorrhea should be considered as of 
grave prognostic significance. 

Many authors believe that retained foreign bodies lead to traumatic 
epilepsy ; some believe that foreign bodies should always be i-emoved— 
if not at the primary operation, certainly at some later date. The 
follow-up data in this report are too meager to justify the expression 
of an opinion on this question, but 2 patients reporting for reexamina- 
tion showed how difficult the decision of this question may be. One 
had had a bullet in the cranial cavit}'’ for over ten years, and the other 
for over one year, but neither showed any symptoms referable to the 
ijullct. Both were told the first symptoms of intracranial pressure and 
were instructed to report to the hospital should any of the symptoms 
dcYcloj). Perhaps this is begging the question, but it is difficult to decide 
to perfonn a craniotomy to search for a bullet that is causing no demon- 
strable trouble. 

SUM MAR V 

1. A study of 105 cases of gunshot wounds of the head is reported. 
Of these, there were 96 cases of craniocerebral injury. 

2. The total mortality rate for the cases of craniocerebral injury 
was 80.2 per cent ; for the 31 cases in which an operation was performed, 
it was 45.1 per cent. 

3. All except 8 patients were admitted to the hospital within one 
hour after the injury. Of the 77 deaths, 42.8 per cent occurred within 
two hours and 90.9 per cent within twenty-four hours. 

4. The high death rate in this series as compared with the statisUcs 
of the World War is undoubtedly due to the immediate hospitalization 
of all patients. 

5. In this series of 105 cases, there ivere 56 attempts at suicide— 

53.3 per cent. _ 

6. As recorded in all other studies, infection was the main cause o 
death among patients who did not die as a direct result of the injury. 
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Some time ago (1929) it was decided to check the results ot some 
experiments in which it had been reported that the rate of healing in 
bone could be influenced by certain variations in the experiment. 
Although careful studies have been carried out by different in\ estigators 
to determine the influence of a certain substance or condition on the 
healing of bone, the conclusions drawn by these investigators are variable 
and in some instances in direct conflict. It appears probable that the 
cause of these conflicting results is due in large part, if not entirely, 
to the difficulty of estimating the amount of healing which has taken 
place at any given time after fracture has occurred or has been produced 
for experimental purposes. Qinically, it is impossible to be certain 
when a fracture is healed sufficiently to allow resumption of function. 
For this reason certain minimum limits of time have been set more or 
less arbitrarily for each type of fracture. These limits are based on 
the experience that angulation or displacement may occur if function 
is resumed earlier. The appearance of the repair as seen in roentgeno- 
grams is of value in obseiv’ing the amount of repair and in estimating 
Its strength, but since the method is based entirelj' on opinion, it is 
inaccurate. Several roentgenologists reading the same roentgenogram 
would give veiy different estimates of the strength of a given callus. 
Delayed union is also an unreliable measure of the healing of bone. 
There are various degrees of delayed union and a difference of opinion 
exists even as to when union is delayed. Nonunion is, of course, 
a definite entity when it does occur, but like delayed union it would 
serve only as a gross indicator when used to interpret experimental 
results. 


In most experimental investigations the healing of bone has been 
ased on the evidence of callus formation as seen in the roentgenogram 
this gives no evidence of the early fibrous .callus before calcium'’ salts 
are deposited in it and an inaccurate estimate of the strength of the 
nealmg frac ture later when calcium salts are being deposited. 

From the Department of Surgery, University of Minnesota. 
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A inctliocl was therefore evolved to measure the strength of the 
callus throughout the healing process, as well as to determine when 
the healing process is complete. Since the first union is fibrous, it offers 
little or no resistance to a shearing force, but it does have tensile 
strength. Later, when calcium salts are laid down in the callus there 
is an appreciable resistance to shearing forces. The method evolved 
was therefore designed to measure tensile strength, resistance to bending 
and resistance to torsion. 

To measure tensile strength it was necessary to devise a method 
of suspending the bone b}' one end and hanging weights on the other 
until the bone was broken. Resistance to bending and torsion in metal 
rods and beams is measured by the physicist and expressed as coefficients 
of bending and torsion. An attempt was made to determine the 
coefficients of bending and torsion for healing bone by the method and 
formula used for metal, but this was found impracticable because of 
the variable shapes of bones. It seemed that more reliable conclusions 
could be obtained by keeping the mechanical factors of the experiment 
as constant as possible and by treating the data obtained statistically. 
Certain modifications in the apparatus and method used by the physicist 
had to be worked out in order to adapt them to the process of measure- 
ing the ulna of the rabbit. 

Since this study was begun quantitative studies concerning the 
resistance of healing bone to a shearing force have been reported by 
Lindsay and Howes ^ and by McKeown and others, and a study of 
resistance to compression has been reported by Ross.® 

Material. — Rabbits receiving" the ordinary laboratory diet were used. No 
attempt was made to select animals of the same size, age, or weight. The ulna 
was used so that the radius would act as a natural splint, obviating the necessity 
of artificial splints for immobilization and permitting the animal to be about in 
normal fashion immediatelj' after the bone was fractured. 


1. Lindsay, M. K., and Howes, E. L.: The Breaking Strength of Healing 
Fractures, J. Bone & Joint Surg. 13:491, 1931. 

2. McKeown, R. M.; Lindsay, M. K.; Harvey, S. C, and Howes, E. L.: The 
Breaking Strength of Healing Fractured Fibulae of Rats: II. Observations on a 
Standard Diet, Arch. Surg. 24:458 (March) 1932. McKeown, R. M ^ndsay, 
M. K.; Harvey, S. C, and Lumsden, R. W.: The Breaking Strength of Healing 
Fractured Fibulae of Rats: HI. Observations on a H'gh Fat Diet, ibid 25.467 
(Sept.) 1932; The Breaking Strength of Healing Fractured Fibulae of Rats 1. 
Observations on a High Carbohydrate Diet, ibid. 25:722 (Oct.) 19 :e rea - 
ing Strength of Healing Fractured Fibulae of Rats: V. Observations on a Low 

Calcium Diet, ibid. 25:1011 (Dec.) 1932. rnmnression 

3. Ross, Dudley: A Method for the Production of Increased Compression 

Strength of Bones, Brit. J. Surg. 22:337, 1932. 
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Technic . — The technic of fracturing the bone was simple. Tiie rabbits were 
anesthetized with ether, the hair was removed from one of the forelegs by means 
of barium sulphide, the skin prepared with iodine and alcohol, and the leg pro- 
tected by a sterile drape. A longitudinal incision, about 3 or 4 cm. long, was made 
on the lateral aspect, the fascia was divided, and the muscles were retracted. The 
middle of the ulna was exposed and cut through by means of a sterile circular bone 
saw. As a rule no hemostasis was required, since there was little bleeding. The 
fascia and the skin were closed with interrupted linen sutures. The animals 
e.xperienced little reaction from the procedure and behaved quite normally after one 
or two days. They were allowed to survive a varv-ing number of days before thev 
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used in suspending the bone by one end and applying weight to the other in 
measuring breaking strength. After the bones had been placed in the cups, the 
length of the exposed bone, i. e., the distance between the inner edges of the cups, 
was measured. This distance ^ was kept as constant as possible and, although 
recorded for most of the experiments, it was not utilized in the analysis of data. 

Torsion.— In measuring torsion, the same apparatus as that used by the physicist 
to determine the coefficient of torsion in a metal rod was used (fig. 1). The cups 
were fitted into this apparatus while the plaster of paris was still soft, and they 
were left until it had set. Then weights were applied and readings were taken. 



Readings were again taken as the weights were removed. For this part of the 
experiment it was important that the bones were firmly fixed in the cup, in order 
that no rotation could occur, and at the same time it was essential that the material 
used to fix the bone was removable. Plaster of paris seemed to fulfil these require- 
ments better than any other material. 

Bcndhig . — The apparatus for measuring bending strength (fig. 2) consisted 
essentially of two parallel metal supports on which the bone rested and of a 
micrometer screw placed over the bone, which could be screwed down into contact 
with the bone, both before and after bending by the addition of a known weight. 
The weight was attached to a copper band hung over, the bone at the midpoint 
between the rests. The number of revolutions or the part of a revolution of the 



27 


PEYTON ET 


AL.-RATE OF HEALING IN BONE 


micrometer screv.- required to bring it against the bone determined the amount of 
bendin<T. Turning the micrometer scale 1 degree moves its point approximatcli 
0.005 mm. .In order to be certain that the point of the micrometer screw* was in 
contact with the bone the end-point was determined by establishing an electrical 
contact. This was accomplished by using electric current from_ a battery, one 
terminal of which was connected through a resistance to the micrometer screw 
£iid the other through a galvanometer to the copper band on which the eight 
was suspended. The supports were beveled so that the bone rested on veiy small 
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Mcasurciiiciits wore rcctjrdcd on the right and left ulnas of thirteen 
rabbits taken without selection from the stock supply of animals. In 
this c.xpcriinent only one reading cacli for bending and torsion was 
recorded. 'J'hese readings were taken after adding 500 Gm. of weight. 
The results of the e.Kperiments are recorded in table 1. 

Taiu.f. 1. — Measurements on Rifjht and Left Ulnas o{ Thirteen Rabbits 


Jllclit UInn I.oft Ulna 


Great- 


Wldtli 





Great- 


Wliltli 

A 



n 

est 

Least 

of 

Wciglit 




cst 

Lea. St 

of 

Weight 




DInm- 

DIam- 

Cor- 

of 

Tor- 

Bend- 

Break- 

DIam- 

DInm- 

Cor- 

of 

Tor- 

Bend- 

Break- 

cter 

cter 

lc.\ 

Bone 

.=lon 

Ing 

Ing 

cter 

cter 

lex 

Bone 

Sion 

tag 

ing 

o.nri 

0.22 

0.05 

2.052 

0.4 

O.iK) 

92.0 

0-50 

0.22 

0.04 

2.020 

0.4 

0.30 

S9.00 

0.49 

0.25 

0.01 

1.107 

o.r» 

1.50 

70.5 

0.50 

0.23 

0.00 

1.210 

0.5 

2.0 

iSy.Vo 

0.43 

0.20 

- 1 - 

1.0(V3 

1.0 

3.75 

59.5 

0.50 

0.21 

0.07 

1.55C 

1.4 

3.75 

69.50 

0.15 

0.22 

0.03 

1.124 

0.0 

0.00 

34.0 

0.40 

0.21 

0.00 

1.092 

1.2 

2.0 

39.00 

0.52 

0.2S 


1.2S2 

0.0 

2.00 

30.0 

0.49 

0.30 

.... 

1.220 

0.7 

5.0 

35.00 

0..54 

0.23 

6.01 

1.0.57 

0.0 

0.50 

55.0 

0.50 

0.27 

0.00 

1.707 

0.0 

1.5 

84.00 

0.54 

0.2S 

0.04 

1.517 

0.0 

4.50 

50.5 

0.55 

0.27 

0.04 

2.5^5 

0.5 

2.5 

04.50 

0.50 

0.24 

0.09 

1.402 

0.5 

2.00 

07.5 

0.40 

0.20 

0.03 

1.532 

0.4 

2.5 

97.50 

0.4S 

0.2Q 

0.06 

1.425 

0.4 

1.25 

09.0 

0.49 

0.28 

0.03 

1.422 

0.3 

3.5 

97.50 

0.47 

0.23 

0.05 

I.IIO 

0.9 

3..50 

43.0 

0.43 

0.24 

0.07 

1.230 

0.9 

7.5 

94.00 

0,50 

0.2G 

O.Ofl 

1.091 

0.7 

4.50 

54.0 

0.50 

0.27 

0.05 


0.3 

1.5 

15.00 

0.5S 

0.30 

0.05 

1.070 

0.9 

3.00 

00.0 

0..53 

0.31 

0.05 

i.721 

0.9 

0.0 

bO.OO 

0.44 

0.23 


1.134 

1.1 

4.00 

54.0 

0.44 

0.25 

0.03 

1.105 

1.0 

3.5 

£>2.00 


Table 2. — Statistieal Constants for Right and Left Ulnas of Thirteen Rabbits* 


Dimension 

Eight Ulna 
Mean ± PEip 

Left Ulna 
Jfean ± PE m 

Differ- 

ence 

31 r— 31 

PE„r= + PEml= 

1 (PE) 

Differ- 

ence 

■pE 

Greatest diameter 0.503 ± 0.0075 

0.510 ± 0.0002 

—0.007 

0.0097 

—0.721 

Least diameter. . 

0.240 ± 0.0056 

0.250 ± 0.0004 

—0.010 

0.0035 

—1.176 

Width of cortex. 

0.056 ± 0.0039 

0.063 ± 0.0020 

—0.007 

0.0047 

— 1.4S9 

Weight of bone.. 

1.457 ± 0.0571 

1.451 ^ 0.0575 

-bO.OOO 

O.OSOO 

-f0.073 


O.CSO ± 0.0450 
2.350 ± 0.3230 
60.920 -t- 5.5350 

0.700 ± O.OOSO 
3.040 ± 0.4000 
04.520 -+- 5.4320 

—0.020 

—0.190 

—3.000 

0.0320 

0.3170 

—0.244 

Bending 

—0.363 

Breaking 

7.7350 

—0.464 


Eight left 

(7 e 

0,03S6 0.0322 
0.0290 0.0326 
0.0171 0.0127 
0.2930 0.2820 
0.2291 0.S4SS 
1.6325 2.0550 
2S.42S1 27.9024 


* Mr represents the mean of measurements on the right leg; Ml , the mean of 
on the left leg; PEmr , the probable error of the mean for measurements on the ^ j 

PEml . the probable error of the mean for measurements on the left leg; <r , the stan 
deviation. 


The statistical constants for these data (table 2) show that there 
is no significant difiference between the right and the left ulna. This 
signifies that it is legitimate to use one leg as a control for experiments 
on the other. 

Measurements have also been taken of a series of bones in which 
the right ulna was fractured and the left ulna used as a control. These 
results will be given in a later report. 
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REVIEW OF THE LITERATURE 

While it has repeatedly been considered that thorium is eliminated 
by the lungs through cells contained in the bronchial mucus, by the 
liver through the bile, by the intestines through the feces and by the 
kidneys through the urine, nevertheless no definite proof or quantitative 
studies have been reported of actual adequate elimination by any organ. 
Oka/ in his original study of hepatolienography, by means of colloidal 
thorium dioxide noted severe hemoglobinuria in rabbits. The urine 
from these animals contained small amounts of thorium. It is pos- 
sible that the thorium in the urine was derived directly from the blood 
plasma. In a later article. Oka ® does not suggest the presence of any 
method of elimination of thorium either in animals or in man. Radt,^ 
in his first descriptions of hepatolienography by the use of thorium, 
did not consider the problem of elimination. In a late contribution he ^ 
summarized his experiences of three and a half years of experimental 
hepatolienograph}' with thorium dioxide in animals and two years of 
clinical work with seventy patients. No definite diminution in the 
intensit}'’ of the roentgen shadow of the liver and spleen could be 
detected in experimental animals eighteen months after the injection 
of the thorium. Patients observed over a long period showed no decrease 
in the density of the roentgen shadow of the liver or spleen. He con- 
cluded that both roentgen examination and histologic studies indicate 
a slow process of elimination by an unknown method. Dickson ® believed 
that in rabbits the shadow of the liver is reduced 50 per cent in intensity 
during the first three months after the injection. He suggested that cells 
containing the granules of thorium are eliminated by passing into the 
lungs, after which they are carried to the exterior in the bronchial 
mucus. The same method has also been considered by Radt ® and 
Kadrnka.'^ No diminution in the quantity of thorium stored in the spleen, 
bone marrow, lymph nodes and ovaries occurred in three months. 

3. Oka, M. ; Klinische Anwendung der “Lienographie,” einer neuen Methode 
zur roentgenologischen Darstellung von Milz und Leber, Fortschr. a. d. Geb. d. 
Rontgenstrahlen 41:892, 1930. 

4. Radt, Paul: Zur Kontrastdarstellung von Leber und Milz (Hepato-Lien- 
ographie), Therap. d. Gegenw. 75:348, 1932. 

5. Dickson, W. H. : Thorotrast : A New Medium for Radiologic Diagnosis, 

Canad. M. A. J. 27:125, 1932. 

6. Radt, Paul: Ueber die kornige Ablagerung kolloider Farbstoffe in den 
LeberparenchjTOzellen von Kaninchen nach intravitaler Injektion (nach ^ crsuchen 
mit Tusche und Eisen), Ztschr. f. d. ges. exper. Med. 69:721, 1930. 

7. Kadrnka, Silvije: Hepatosplenographie : methode radiologiquc d’e.xplora- 
tion du parenchj^me hepatique et splenique par introduction intraiemeixe ce 
“Thorotrast,” substance colloidale a base de dio.xyde de thorium, Schweiz, mcd. 
Wchnschr. 61:425, 1931. 
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Bungeler® observed definite roentgen shadows of the liver and spleen 
in aLals twentv-one months after the injection of thorium. He did 
not recommend the use of thorium in hepatolienography so long as no 
information is available as to how long the thorium is retained. Kadrnka • 
considered the elimination of thorium from both experimental animals 
and man as verr- slow. The roentgen shadows produced by the thorium 
persisted for many months. The lungs were considered a possible means 
of elimination, but the role of the liver and kidneys could not be 
determined. Stewart did not observe any evidence of a decrease in 
the intensity of the roentgen shadow of the liver and spleen in a patient 
observed for eight months. Naegeli^'^ made microscopic examinations 
of the liver and spleen eighteen months after the injection of thorium into 
experimental animals. Xo decrease in the quantity of thorium granules 
was obsen'ed. Popper injected thorium intravenously into twelve 
patients, four of whom were examined at necropsy. In one patient who 
died two months after the injection, a chemical analysis showed 97 per 
cent of the thorium present in the liver and spleen, while 3 per cent was 
recovered from the bone marrow. Examination of patients who had 
received injections of thorium four months previously and of animals 
which had received injections seven months previously showed no diminu- 
tion in the roentgen shadow of the liver or spleen. Leipert made a chem- 
ical analysis of the thorium contents of various organs of experimental 
animals and of man. He found that patients who received injections 
two, four and sixty days previous to necropsy showed 64.3. 56.9 and 
97 per cent of thorium in the spleen, liver and bile. Rabbits receiving 
injections twenty -eight, sixty-seven and ninety-eight days previous to 
examination showed 48.5, 98.9 and 70.8 per cent of thorium in the liver, 
spleen and lungs. He concluded that detached reticulo-endothelial cells 
containing thorium are eventually lodged and retained in the spleen. 
The possibility of elimination through the liver by means of the bile 


8. Bungeler.^ tt .. and Krautwig, J. : 1st die Hepato-Lienographie mit Thoro- 

fast erne unschadliche diagnostische Methode? Klin. tVchnschr. 11:142, 1932. 

P Hcpatosplenography, Roentgenologic Demonstration of 

Mc-SrSr" “ ^ Intravenous Contrast 

-uuium (Thorotrast), Radiologj' 18:371, 1932. 

Hepalography and 


,. Lauche; Ueber experimentelle 

er.njchungen hei Kontrastdarstellung der Miiz 


und pathologisch-anatomische 
nnd Leber, Med. Klin. 28:1878, 


">«r\\l?nTcbr^ 78 D 829 .'^ 193 ^ .MQncher 

UtirZl: des Thorium im Organismus nac 

uwrotrast, ,en. klm. Wchnscbr. 44:1135, 1931. 
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was considered greater than through the kidneys. Einhorn injected 
thorium dioxide into seven patients. No definite evidence of elimination 
could he detected by roentgen studies of the liver and spleen. Whitaker 
observed no diminution in the shadow of the liver in a patient six months 
after the injection of thorium dioxide. It appears from the literature 
that roentgen studies, microscopic observations and chemical examina- 
tions of organs, bile, sputum, feces and urine furnish no evidence 
of a ph 3 ^siologic mechanism for the adequate elimination of thorium 
dioxide from the body. 


MliTHOD AND RESULTS OF EXPERIMENT 

Twenty rabbits were used in this investigation. The animals varied 
from 1,625 to 3,200 Gm. in weight. In each animal 2.5 cc. of colloidal 
thorium dioxide jier kilogram of body weight was injected intravenously. 
All the injections were made with aseptic technic in the veins of the 
ear, but in some animals it became necessary to use tbe veins in the 
extremities. Roentgen examinations were made of the living animals 
at irregular intervals, and of the organs at necropsy. All the roentgeno- 
grams were made by a standard technic. The animals were kept on 
the usual diet. 

Roentgen Observations. — Group I : Preliminary studies were made on ten 
rabbits. Roentgenograms were made on the first, seventli, fifteenth, thirtieth, and 
forty-fifth days after the last intravenous injection of the thorium dioxide. All 
roentgenograms taken twenty-four hours after the last intravenous injection of 
2.5 cc. of colloidal thorium dioxide per kilogram of body weight showed the 
liver and spleen as smooth, clearcut shadows of homogeneous density. The position, 
size, shape and margins of the organs were accurately outlined. In some animals 
the spleen showed small punctate areas of increased density, especially near the 
periphery. In the roentgen shadows of the liver it was possible, in a few animals, 
to sec a fan-shaped area which apparently represented the course of the larger 
vessels. Roentgenogmams taken fifteen, thirty and forty-five days after the injection 
showed no evidence of definite diminution in the density of the hepatic and splenic 
shadow. In the small animals it was also possible to observe definite shadows 
produced by the kidneys, suprarenal glands and marrow of the larger bones. When 
more than 10 cc. of colloidal thorium dioxide per kilogram of body weight was 
injected distinct roentgen shadows were produced by tbe lungs, suprarenal glands, 
kidneys and marrow of the larger bones. 

Group II; In rabbits 7 (male, weighing 1,800 Gm.) and 2 (male, weighing 
1,860 Gm.) roentgenograms of the liver and spleen were made twenty-four hours 
after the intravenous injection of thorium dioxide. One daily intravenous injection 
of 100 cc. of 0,9 per cent saline solution was given for fourteen consecutive days. 
Roentgen examinations were then made on the following day, and fifteen and 

14. Einhorn, Max; Stewart, W. H., and Illick, H. E.: Experiences with Uro- 
selectan Sodium, Skiodan and Tborotrast, M. J. & Rec. 134 : 56 , 1951. 

15. Whitaker, P. H. ; Davi.s, T. B., and Murgatroyd, F. : Hepato-Lienography 
by the Aid of Tborotrast; Its Uses and Dangers, Quart. J. Med. 5:54, 1955. 
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thirtv davs later. The roentgenograms taken on the firsh fifteenth 

days alter the mjeemn oi the shadow obtained 

evidence of any diminution in the size, shape ana o , 

twenty-four hours after the injection of thorium dioxide. 



Fig. 1 (rabbit 36 ).— -Hepatolienography forty-five days after a total intra- 
venous injection oi 10 cc. of a colloidal solution oi thorium dioxide per kilogram 
of body weight. 



i'ig. 2 Crabbit 36). — Roentgenogram of the liver, spleen, lungs, kidneys, 
Suprarenal glands and right posterior extremity forty -five days after the injection 
oi thorium dioxide. 



Fig. 5 (rahVil 31 ) .—Hepatolienography forty-five days after the intravenous 
injection of 2.5 cc. of thorium dioxide per kilogram oi body weight. 


wcicW ”^^-0 r ^ (female, weighing 2.025 Gm.) and 13 (female, 

■vf-n, ; u ’■°^"^Sen examination of the liver and spleen was made 

civcn'rnra mjection oi thorium dio.vide. The animals were 

icr iortct of 

fir=* fif.frn-t, Roentgen examinations were then made on the 

fiuccnth and thirtieth days. The roentgenograms taken after the injection 
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of 100 cc. of 10 JILT cent soliitinn f)f dexlrose for fourteen consecutive days 
showed no apparent diminution in tlic density rif tlie sliadow produced by the liver 
and spleen twenty-four hours after the injection of thorium dioxide. 

Group IV: In rabbits 1 (male, weiphiiif; 2,540 Gni.) and 12 (female, weighing 
2,530 Gm.) roentgenograms of the liver and spleen were made twenty-four hours 
after the intravenous injection of thorium dioxide. One daily intravenous injection 
of 100 cc. of a 5 per cent solution of calcium chloride in 0.9 per cent saline 
solution was given for fourteen consecutive days. Roentgen examination was 
made on the following day and fifteen and thirty days later. There was no 
evidence of any diminution in the intensity of the roentgen shadow of the liver and 
spleen following the intra\-enous injection of solution of calcium chloride for 
fourteen consecutive days. 



Fig. 4. (rabbit 7). — Hepatolienography forty-five days after the intravenous 
injection of 2.5 cc. of thorium dioxide per kilogram of body weight and fourteen 
daily intravenous injections of 0.9 per cent saline solution. 



Fig. 5 (rabbit 7). — Roentgenogram of the organs removed at necropsy, forty- 
five days after the intravenous injection of thorium dioxide and thirty days after 
the intravenous injection of saline solution. 

Group V; In rabbits 14 (male, weighing 2,700 Gm.) and 3 (female, weighing 
2,740 Gm.) roentgenograms of the liver and spleen were made on the day following 
the intravenous injection of thorium dioxide. One daily subcutaneous injection 
of 0.2 cc. of combined typhoid vaccine was given for fourteen consecutive days. 
Roentgen examination was made on tlic following day and fifteen and thirty days 
later. Poliowing the subcutaneous injection of 0.2 cc. of t 3 "phoid vaccine for 
fourteen consecutive days roentgen examination of the liver and spleen showed no 
evidence of any diminution in the size, shape and density'- of the shadow obtained 
twenty-four hours after the intravenous injection of thorium dioxide. 

Group VI: In rabbits 16 (female, weighing 2,540 Gm.) and 17 (female, weigh- 
ing 2,250 Gm.) roentgenograms of the liver and spleen were made twenty-four 
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cutaneous injection ot 0-d cc. ^ ^ . , fifteen and thirtv liavs 

,rThStrrxr^:™r=r»T 

nf the liver and spleen following the subcutaneous mjeebou ot 0--. c 

^ J .:.t, tt,p flensitv of the shadow obtained twenty -tour 
epinephrine as compared with the densnv oi inc 

hours after the injection of thorium diox'ide. 

Akrcscopk Sfiidv.-Sections of the liver, spleen, supra«nal glands 

were made from the animals in group I. one, fiiteen, thirty and 

after the injection of thorium dioxdde. All the sections were stained with hetna- 

toxwlin and eosin. The granules of thorium were observed in the reticulo-end - 



Fig. 6 {rabbit 12).~-Hepatolienography forty -five days after the intravenous 
injection oi 2.3 cc. of thorium dioxide per kilogram of body weight and thirty 
days after fourteen daily intravenous injections of a 5 per cent solution of calcium 
chloride in 0.9 per cent saline solution. 



Fig- 7 (rabbit 12). — ^Roentgenogram of the liver, spleen, lungs, kidneys, 
suprarenal glands and right tibia forty-five days after the intravenous injection of 
n solution oi calcium chloride. 


t ehal cells oi the spleen, ls%-er, suprarenal glands and lungs, while in the kidnevs 
the panuks oi thorium were located in the cells of the glomerular tuft. The 
^ onum was not stained and appeared as high- refractive small granules. There 
vws no evidence of any diminution in the quantity of the granules of thorium in 

spleen, suprarenal glands or kidneys forty-five 
'un-ar' 1 injection. 3.ticroscopic examination of the liver, spleen 

Vr ' j.® kidneys from the animals in groups II III IV V and 

iTtE the intravenous injection of JthoEm’dkE e ’sWd 

-.oanaks o, ,„„„d .fc, in gr»p j 
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Fig. 8. Granules of thorium in the Kupffer and hepatic cells ; X 800. 



Fig. 9. — Granules of thorium in the reticulo-endothelial cells of the spleen ; 
X800. 
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Fig. 10. — Granules oi thorium in the phagocs-tic cells of the lungs ; X 
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COMMENT 

The thorium preparation used in this work consisted of a stabilized 
solution of thorium dioxide which contained 25 per cent of thorium 
dioxide by volume and about 20 per cent of thorium by weight. The 
material mixed well with the blood and was injected in divided doses 
untliout an}' difficulty or immediate reaction. The animals appeared 
normal during the entire period of observation. 

Following an intravenous injection granules of thorium are rapidly 
removed from circulation. No granules of thorium could be detected 
in the plasma five minutes after the first intravenous injection of 2.5 
cc. of colloidal thorium dioxide per kilogram of body weight. The 
thorium is removed from the circulation by the anchored phagocytic 
cells of the reticulo-endothelial system. The importance of this efficient 
mechanism for removing particulate material from the circulating blood 
has been investigated by numerous workers. Goldman was apparently 
the first to emphasize the importance of, and call attention to the wide- 
spread distribution of, a system of cells in various organs of the body 
which have essentially the same function. It remained, however, for 
Aschoff to present the collected evidence that there exists in the body 
an anatomically extensive and functionally important group of highly 
differentiated cells which manifest such striking similarities in their 
reactions to vital stain and granular material as to warrant their con- 
sideration as a unit. An unusual peculiarit)' of the constituent cells of 
this system is their distribution in a number of organs such as the spleen, 
liver, bone marrow, medulla of the suprarenal gland and lungs instead of 
localization in a definite fixed circumscribed area. According to Aschoff 
the basis for the inclusion of a cell or cell group as a portion of the reti- 
culo-endothelial system is the marked ability to phagocytose rapidly and 
to retain granular material. Aschoff used the term “reticulo-endothelial 
system” in a limited and in a broad sense. In the limited sense it is 
composed of two groups of cells : ( 1 ) the reticulum cells of the splenic 
pulp, the cortical nodules and pulp cords of the lymph nodes and 
the lymphoid apparatus ; (2) the reticulo-endothelial cells of the sinuses 
of the capillaries of the bone marrow, the suprarenal cortex and the 
hypophysis. In a broad sense the constituent cells of the reticulo- 
endothelial system include the reticulum cells, the reticulo-endothelial 
cells, the tissue histiocytes and the phagocytic monocytes of the circu- 
lating blood. 

16. Goldman, E. ; Die aussere und innere Secretion des gesunden und kranken 
Organismus im Lichte der "vitalen Farbung,” Beitr. z. klin. Chir. 64:1, 1909. 

17. Aschoff, Ludwig: Ueber die Lipoidinfiltration in den Kupfferschen Stcrn- 
zellen und in den Retikiilumzellen der Milz, und Beziehungen zu den Xanthclasmen, 
Ber. d. Naturw. gesellsch. z. Freiburg 20:66, 1913. 
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^Yhile the phvsiolog\- of the reticulo-endothelial system is not well 
understood. Aschoff.^^ Maximow, Schittenhelm and Jafte evaluate 
the function of the reticulo-endothelial system as the most important 
factor in all general defensive reactions. It is the only mechanism h> 
which particulate material such as bacteria, pigment and dead cells 
can he removed from the circulation. The phagocytic reticulo-endothelial 
cells located in the liver, spleen, bone marrow and lungs remove the 
greater portion of thorium from the blood stream. Smaller quantities are 
phagocvtosed by the reticulo-endothelial cells of the suprarenal glands, 
ovaries and kidneys. The dispersion and deposition of the particles of 
thorium cannot be controlled after they reach the circulating blood. The 
location of the thorium depends on its direct contact with and phagocrao- 
sis bv the reticulo-endothelial cells of the various organs. The liver . spleen 
and bone marrow possess the largest divisions of the reticulo-endothe- 
lial system and will, under normal conditions, phagocytose the largest 
number of particles of thorium. The density of the roentgen shadow 
is in direct proportion to the quantity of thorium in the cytoplasm of the 
reticulo-endothelial cells of the organ. The liver, spleen and bone mar- 
row present, therefore, a denser shadow than the lungs, suprarenal 
glands, kidneys or ovaries. The roentgenograms of the liver, spleen, 
bone marrow, kidneys and suprarenal glands made forty-five days 
after the intravenous injection of thorium showed no difference in the 
density of the shadows when compared with similar films taken twenty- 
four hours, fifteen and thirty' days after the injection of thorium dioxide. 
The microscopic examination of the liver, spleen, lungs, suprarenal 
glands and kidneys fifteen, thirty and forty-five days after the injection 
ot thorium dioxide showed no evidence of a decrease in the quantity or 
redistribution of the thorium as compared with similar examinations 
twenty-four hours after the injection. It was believed possible by intra- 
^enous or subcutaneous injection of various substances to stimulate 
any existing process of elimination and to observe any redistribution of 
tbe particles of thorium present in the reticulo-endothelial cells of the 
However, even after the daily intravenous injection 
01 100 cc. of a 0.9 per cent saline solution for fourteen days it was not 
possible to detect any immediate or late roentgen evidence of anv diminu- 
^'on in the quantity of thorium in the liver, spleen or other organs. 

ot tbe roengenograms made forty-five days after the 


System, Ergebn. d. inn. Med. 

Ha.rY'f "““'o- 

Org/ne BeVin Ivrankhe.ten des Blutes nnd der Elnt- 

t e, Be.iin, Julius Springer, 192d, vol. 2, p. 492. 
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injection of thorium was identical with that of films made twenty-four 
hours after the injection. Similar observations were made after the 
use of a 10 per cent solution of dextrose, a 5 per cent solution of calcium 
chloride, typhoid vaccine or epinephrine. Not only the roentgenograms 
of the liver and spleen of the IIa'C animals, but those of the organs 
removed at necropsy produced shadows of identical density, regardless 
of the time which had elapsed. The microscopic studies showed an 
approximately similar quantity and location of the granules of thorium 
in the cytoplasm of the reticulo-endothelial cells of the various organs 
when compared with the observations in the control group (I). Since 
the intensity of the shadow of the liver and spleen produced by the 
thorium depends on the presence of the granules of thorium in the 
reticulo-endothelial cells of those organs, it is evident that if the reticulo- 
endothelial cells are not actively phagocytic or injured, the smaller 
amount of material would be phagocytosed and the roentgen shadow 
would be less intense. It appears from this investigation that the particles 
of thoi'ium are permanent inclusions. 

While the reticulo-endothelial s)^stem has important functions, the 
effects of the thorium have to be considered not only as the direct 
effect on the reticulo-endothelial cells, but also as possible indirect 
functional effects on the cells of the organs of which the reticulo-endo- 
thelial cells are only a part. Thus the effect of the thorium on the liver 
cannot be considered as limited to the Kupffer cells, since possible effects 
on the hepatic cells and their function must be weighed. This consid- 
eration becomes especiall}^ important when one observes the presence 
of particles of thorium in such important and sensitive structures as the 
suprarenal glands and ovaries. While thorium has not been considered 
radioactive by some investigators, doubt entertained in this regard by 
competent workers makes it necessaiy to realize fully that once thorium 
is phagocytosed by the reticulo-endothelial cells, it is apparently per- 
manently fixed in the body. The thorium cannot be eliminated or 
redistributed by the means used in this experiment. The realization that 
the thorium remains fixed in the reticulo-endothelial cells should empha- 
size the careful selection of cases for the use of this material. The 
intravenous injection of large doses for diagnostic purposes ought 
to be limited to patients in whom, after every other diagnostic method 
has been exhausted, the additional information proves the necessity for 
immediate surgical treatment. 

CONCLUSION 

Marble-like roentgen shadows of the liver and spleen of rabbits can 
be obtained by the intravenous injection of 2.5 cc. of colloidal thorium 
dioxide per kilogram of body weight. The thorium is removed from 
the circulation by the phagocytic reticulo-endothelial cells located prin- 
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dpally in the liver, spleen and bone marrow. Some thorium is deposited 
in the lungs, suprarenal glands, kidneys and ovaries. Roentgen and 
histologic examination showed no evidence of elimination or redistribu- 
tion of tliorium in ten rabbits fort\'-five days after the injection. 
Fourteen daily injections of 100 cc. of a 0.9 per cent saline solution, a 10 
per cent solution of dextrose, a 5 per cent solution of calcium chloride, 
0.2 cc. of combined typhoid vaccine or 0.25 cc. of epinephrine did not 
eliminate or redistribute the thorium dioxide. Since the health and life 
of the patient may be jeopardized by the prolonged presence of particles 
of thorium in the vital organs, the intravenous injection of thorium 
dioxide for diagnostic purposes should be restricted until some positive 
method of rapid elimination has been discovered. 



ACCESSORY ARTICULAR PROCESSES OF THE 
LUMBAR VERTEBRAE 


W. S. FULTON, M.D. 

AND 

W. K. KALBFLEISCH, M.D. 

WHEELING, W. VA. 

In the.se cla3's of traumatic injuries and subsequent legal entangle- 
ments it is of considerable importance for the surgeon and roentgen- 
ologist to know about possible anomalies of the skeletal system and to 
be able to distinguish them from supposed fractures. Improved roent- 
genograpbic technic allows one to visualize a given bone with much more 
detail than was possible in the not too distant past. Hence it is a 
natural tendency to diagnose a demonstrated separation of continuity 
in a bone as a fracture if the history of an accident makes such a diag- 
nosis plausible. This applies especially to alleged fractures of processes 
of the vertebrae. For technical and anatojnic reasons the articular 
processes of the vertebrae are difficult to demonstrate. It is here that 
misinterpretation may not infrequently be met with and discussions arise 
as to whether an abnormal condition is present and, if so, whether the 
abnormality represents a traumatic or a congenital lesion. 

In 1933, Rendich and Westing^ (to the best of our knowledge, for 
the first time in the American literature) called attention to an abnor- 
mality of the articular processes of the lumbar vertebrae, which they 
described as a “separate ossicle occurring at the lower end of the 
inferior articular processes of the second and third lumbar vertebra”; 
they added five cases of their own to the two cases previously reported 
in the German literature. Undoubtedly findings of this sort have been 
encountered in everj^ roentgen laboratory, but the}' were probably always 
diagnosed as fractures, if circumstances warranted it. 

It may be well to review the known facts concerning the diagnosis 
of accessor}' articular processes of the lumbar vertebrae. In 1931, at 
the twenty-secqnd congress of the German Roentgen Society, Reisner," 
presented a paper entitled “How to Distinguish Normal, Inflammatory 

From the Wheeling- Clinic. 

1. Rendich, R. A., and Westing, S. W.: Accessory Articular Process of the 
Lumbar Vertebrae and Its Differentiation from Fracture, Am. J. Roentgenol. 
29:156, 1933. 

2. Reisner, A.; Unterscheidungsmerkmale normaler, entziindheher und post- 
traumatischer Zustiinde an der Wirbelsaule, Fortschr. a. d. Geb. d. Rdntgenstrahlen 
M:726 (Dec.) 1931. 
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and Post-Traumatic Conditions of the Spine/' In tiie paper he men- 
tioned a case in which a gap across the right lower artmu ar process 
of the second lumbar vertebra was accidentally tound. There wa= no 
historr- of trauma, and the patient did not complain ot pain m the back 
Because of the perfectly smooth outline of the edges of the bone and 
the absence of displacement of the distal fragment, and of atrop >. 
Reisner considered the case one of an accessory articular process. In 
bis discussion of the case. Grashey stated that he had seen the same 
abnonnalitv several times, and that he differentiated it emphaticalh 
from a fracture. 

In the same journal appeared a paper by Muller," describing a case 
of formation of a gap through the left lower articular processes of the 
second lumbar vertebra. Four weeks previous to the examination, ihe 
patient had fallen down a flight of stairs ; the examination was under- 
taken to find a possible cause of the indefinite pains in the back. In 
this first publication iluller considered the finding to be an L mbaucouc, 
the result of an injury with attempted repair through formation oi 
connective tissue in the bone. One year later, in a second publication — 
after hearing Reisner's paper and Grashey 's discussion, we venture to 
say — Muller ■* reconsidered the diagnosis and felt inclined to look at 
the case as an anomaly — an accessory articular process. In February, 
1933. Rendich and Westing published the reports of five cases of 
formation of a gap through the lower articular processes of the lumbar 
vertebrae; they expressed the opinion that they were dealing with 
congenital lesions rather than fractures. In two of their cases no 
history of trauma was obtainable. Two patients received a possible 
injury to the back on the day of the examination, and another patient 
had received one tour days before. All of the patients, however, com- 
plained of vague pains in the back with various localizations, and all 
had various degrees of limitation of motion. The roentgenograms of the 
spines of all of the five patients showed gaps through one or two articu- 
lar processes, with well defined, smooth, regular edges of cortical density. 
Although an old ununited fracture may give a similar picture, three of 
Rendich and Westing's patients had sustained injuries only a few hours 
or days previous to the examination, and it seems impossible that such 
changes, it due to a fracture, could have taken place within such a 
short inter\-al. Therefore the diagnosis of fracture as a cause for the 
gaps seems unreasonable. Since there is no recognized separate 
epiphysis f or the development of the tip of the articular process, 

0. :NfuIIer. Walther: Spaltbildungen an Gdenk- und Dorntortsatzen der Wir- 
Umbauzonen. Fortschr. a. d. Geb. d. Rontgenstrahlen 

bemerkenswerte Form von Wirbelsaulen- 
■■■-A.Uiung. Mimchen. med. Wcbnschr. 79:336 (Feb. 26) 1932. 
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Rendich and Westing- could classify their findings only as accessory 
ossicles at the articular processes. 

The aforementioned publication brought to mind a case we saw in 
October, 1932. 

Case 1.— A man, aged 49, a railroad employee, who, in October, 1931, was hit 
m the back by a slowly moving car, was referred to us for roentgenograms of the 
lumbai vertebrae and pelvis. He did not tumble over and, except for a short 
passing pam at the site of the impact, had no unusual sensations. He "paid no 
attention to the accident and went on working without further complaint. After 
three months he began to notice vague pains in the back, which continued. He 
sought medical advice, but the pain did not yield to various methods of treatment. 

The roentgenologic findings on Oct. 10, 1932, were as follows; The right and 
left lower articular processes of the third lumbar vertebra showed a distinct gap 
about 1 mm. wide and slightly curved, which was seen more clearly on the right 
than on tlie left, where the spinous process was somewhat overlapping. The 
smaller lower fragments were about 8 mm. in length. The bony edges of the 
larger and smaller fragments at the gap were perfectly smooth and showed cortical 
density. The smaller fragments did not present atrophj' of the bone, displacement 
or evidence of formation of callus or of a spur of bone. The axis of the spine 
was straight. The onl}' other pathologic finding in the spine was that the first 
sacral vertebra showed nonunion of the posterior arch. 

With the history of the previous accident, the diagnosis was ununited fractures 
of the lower articular processes of the third lumbar vertebra and spina bifida 
occulta. 

On reading Rendich and Westing’s paper, we were struck with the 
similarity in roentgenologic appearance between their cases and the one 
reported here; the fact that our patient mentioned that he had no 
immediate pains in the back and had worked for three months after 
the accident without complaints increased our doubts as to whether we 
had diagnosed the condition correctly. In summarj^ the following facts 
presented themselves: The patient had received an injury to the back. 
The spine was not immobilized after the injury. After one year a 
roentgenogram showed complete separation of continuitj^ in the bone 
substance of two articular processes of the third lumbar vertebra. There 
was no indication of callus formation, nor was there formation of a 
bony spur. Because the spine was not immobilized and because the 
patient was working, it might be assumed that union of the fractures 
did not occur, and that we had to deal with a case of pseudo-arthrosis. 
The smoothed edges of the fragments suited this diagnosis. From 
these data alone it was therefore possible to assume that during the 
accident the patient had received fractures of the lower articular 
processes of the third lumbar vertebra. In 1923, Koch “ published the 
report of a case with the same end-results, except that a diagnosis of 

5. Koch, Konrad: Die isolierten Gelenkfortsatzbriiche der Lendenwirbel- 
saule, Deutsche Ztschr. f. Chir. 180:339, 1923. 
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fracture xvas made immediately after the accident and there teas a slight 
displacement of the fragment. The fracture did not heal, but the 
edges of the fragments of bone became smoothed out. The patient 



Fig. 1. — Formation of gap through the lower articular processes of the third 
lumbar vertebra. 



-■ Diagram of the roentgenographic findings in case 1. 


tciused to be operated on and continued to complain of an indefinite 
P^nn in the back.” 


On the other hand, there were features in our case which ca^ doubt 

com. the diagnosis of 

‘ t, nual mahormation. It is reasonable to assume that an injurv* 
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severe enough to fracture two articular processes would give rise to 
immediate and pronounced symptoms, but they were absent and the man 
continued at his work. Koch reported that his patient was in a state of 
severe shock after the injury. One would also expect to find at least 
an irregularity, if not a displacement, of the small separated tips of the 



Fig. 3 (case 2). — Formation of a gap through the right lower articular proc- 
ess of the third lumbar vertebra. 



Fig. 4. — Diagram of the roentgenographic findings in case 2. 

articular processes. Instead, their position was normal. Furthermore, 
the small, broken-off fragments might have shown atrophy after one 
year, but they were just as dense as the rest of the articular processes. 
In addition, the spine, as seen in both views, was straight. The finding 
of a spina bifida occulta in roentgenograms might give a hint as to the 
possibility of further developmental defects. 
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After a review of all of these facts and the arguments pro and con. 
it seemed that it might be impossible to convince the patient that he 
had only a congenital lesion of the third lumbar vertebra. In a legal 
case it might be just as impossible to demonstrate to a jury that there 



F'g- a (case 2). -Oblique view, with the patient rotated 45 degrees on ihe riglit 



f'S. 4-Di.5r™ „t roe„.g.„„.raphic findings 2 . ,igh, 

spine. We therefore deddS^o-ive^^ congenital lesion of the 
reported the finding as unnnit^f f 
processes of the third lumbar vertebra 

c'cr, that we were dealing with fraLurP h '''''' ^“^inced, how- 

? fractures, but conceded that this mav 
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have been another case of accessory articular processes, as described by 
Rendich and Westing. The case is therefore reported with the hope 
that it will stimulate further study of the problem. Rendich and 
Westing suggested that roentgenographs of the spine of applicants for 
hazardous positions in industry would prevent the physician’s pre- 
dicament in many doubtful cases of this sort. 

After this report was prepared, one of us (W. K. K.) had the 
opportunit}'’ of seeing another case of formation of a gap through a 
Imver articular process. 

Case 2. J. L. R., aged 41, was being treated for a left ureteral stricture. 
Pyelograpliic e.vamination was made on June 13, 1933. Except for slight hydro- 
nephrosis on the left side, the pj'elograms did not show abnormalities. The 
roentgenograms, however, revealed a defect in the right lower articular process of 
the third lumbar vertebra. The gap was not transverse, as in the case reported 
earlier, but slightb'- oblique. The smaller fragment showed no atrophy or dis- 
placement. Tlie edges of the bone at the gap were slightly denser than the rest 
of the bone. The spine was straight and did not show other anomalies. Another 
radiograph, taken according to Rendich and Westing’s suggestion, with the 
patient rotated 45 degrees on the right side, plainly showed the small fragment of 
bone below the right lower articular process of the third lumbar vertebra. The 
patient could not remember having received an injury to the back or to any other 
part of the body. On specific questioning he did not complain of pain or discom- 
fort. There was no limitation of motion in the spine. 

Whereas there could be doubt in the first case as to whether we 
were dealing with a congenital malformation or with the result of an 
injury, there can be no doubt in the second case that we were con- 
fronted with a true case of an accessory articular process of the third 
lumbar vertebra. 

SUMMARY 

Two cases of formation of a gap through the lower articular 
processes of the third lumbar vertebra are reported. 

In the first case there was a history of possible injury to the spine ; 
therefore a question could be raised as to the correctness of the diagnosis. 

In the second case there was no history of trauma, and there were 
no local symptoms; therefore the case is considered to be one of an 
accessory articular process of the third lumbar vertebra. 



PERIPHERAL ARTERIAL THROMBOSIS 

SECONDARY TO GONORRHEAL ARTHRITIS AND INTRAML bCL LAR 
INJECTION OF MILK 

CHARLES H. HEAD. H.D. 

DULUTH. MINN. 

.\ND 

ROLLA I. STEWART, ^LD. 

MINNEAPOLIS 

Priman- arterial thrombosis ot nonembolic origin has been stated ^ 
to be unquestionably ot bacterial origin. Only within the past thirty 
years, hower'er, has much attention been directed toward, or any 
obsen'ation made of. thrombosis associated with infectious fevers. 
Arterial thrombosis is not considered to be unusual in cases of influenza, 
but in the other infectious diseases in which it has been encountered it 
is described as an uncommon complication. Welch - stated that arterial 
thrombosis associated with gonorrhea is very rare. Heller’s •' collection 
of only twent\--six instances from the literature illustrates its infre- 
quency of occurrence. 

Frazier^ stated that chemical changes in the blood resulting in a 
liberation of fibrin ferment must be considered as an important etiologic 
lactor in the production of arterial thrombosis. Welch stated that this 
lactor is of undoubted importance, especially in thrombosis in toxic 
conditions. It is entirely conceivable that the intramuscular injection 
of milk or other foreign protein may act on the vascular sj'stem as a 
chemical etiologic factor. We failed, however, to find any record of 
intramuscular injection of milk resulting in peripheral arterial 
thrombosis. 

Furthermore, it was stated ^ that there have been only a few cases of 
arterial thrombosis limited to, or terminating in, gangrene of the toes, 
although it is generally conceded that this lesion is more common in the 
lower than in the upper extremities. Associated gonorrhea and intra- 
muscular injections of milk as unusual infectious and chemical etiologic 

1. Frazier, C. H.; Thrombosis and Embolism, in Keen, W. W.; Surgeri-, 

ts Principles and Practice, Philadelphia, W. B. Saunders Companv, 1916, vol. V 
p. *503. ^ 

2. \\ ekh. W. H. : Thrombosis, in Allbutt, C., and Rolleston, HD- A Svs 
teni ot Medicine, Xew York, The Macmillan Company, 1909, vol. 6, p. 691. ' 

jr.Q.-'' Leber Phlebitis gonnorrhoica, Berl. Win. Wchnschr. 41:609, 
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factors in the production of peripheral arterial thrombotic gangrene, as 
well as the uncommon location of the resulting lesions, have been con- 
sidered as justification for the report of the following case. 

REPORT OF A CASE 

The case is tliat of a white girl, 19 years of age, who was admitted to the 
Minneapolis General Hospital on Feb. 18, 1931, and discharged on June 8. 

History.—Tho. patient stated, on admission to the medical service, that five days 
previously malaise, chills and fever had suddenly developed. The onset of these 
symptoms was associated with a beginning menstrual period. One day later she 
noticed pain in the lower abdominal region and stiffness in both wrists and both 
knees. During the next three days the pain and stiffness spread to the back, ankles 
and left elbow. She was advised by her family physician to enter the hospital at 
this time. 

The patient had contracted gonorrhea three years before the onset of the 
illness, and shortly afterward she had suffered from a mild attack of pelvic 
inflammatory disease. Vaginal smears had been positive for gonococci at that 
time. Treatment had been received until the smears were repeatedly negative. 

Physical Examination. — Positive physical findings were limited to the abdomen, 
extremities and pelvis. Examination of the abdomen showed marked tenderness 
on palpation over both lower quadrants. No rebound tenderness was present. 
Moderate tenderness was present about the left elbow and knee, and there was 
marked tenderness about both ankles. There seemed to be some local heat in these 
regions, but neither swelling nor redness was noted. Pelvic examination showed a 
moderate fixation of the uterus and adnexa, with extreme tenderness on palpation 
or movement of these structures. Pelvic examination also intensified the diffuse 
pain in the lower abdominal region. The temperature ranged about 101 F., and 
the pulse rate was 95 beats per minute. 

Laboratory Data . — The urine was normal. The blood showed 81 per cent 
hemoglobin and a white cell count of 15,700, 71 per cent of which were polymor- 
phonuclear neutrophils. Repeated vaginal smears were negative for gonococci. 

Diagnosis . — The clinical impressions were based on the past and present his- 
tories and the physical findings. It was concluded that the patient was suffering 
from gonorrheal arthritis of the left elbow, left knee and both ankles and chronic 
bilateral gonorrheal salpingitis. 

Therapy.— Yhe initial medical therapy consisted in the intramuscular injection 
of 60 cc. of defibrinated blood and the administration of salicylates in doses as 
large as the patient could tolerate. The symptoms remained unchanged, however, 
and the temperature continued to range about 101 F. Consequently, 8 cc. of milk 
was given intramuscularly on the suggestion of a dermatologic consultant. The 
temperature rose to 105 F. ; the pulse became rapid, and the patient complained of 
great abdominal pain almost immediately after the injection of the foreign protein. 
Examination of the abdomen showed marked tenderness on palpation in both lower 
quadrants and definite rebound tenderness. Profuse perspiration, headache, back- 
ache, increased pain in the affected joints and leukocytosis were also noted. 
Swelling, redness, tenderness and local beat were noted in both lips and the left 
labium majus and on the dorsum of the left foot six days following the injection of 
milk. The latter symptoms rapidly disappeared, excepting in the left foot, where 
they subsided gradually. The tissues about the first, second and third toes then 
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tecame cold and numb. Later tbe toot became cold and cyanoUc, and beginning 
gangrene n-as noted in the toes initially afifected. There tvas novr considerable 
pain in the foot and ankle. The gangrene became well demarcated at a much later 
date and involved only the first, second and third toes. There was associated super- 
ficial anesthesia over the dorsum of the foot to the level of the malleoli and along 
the lateral half of the sole. The patient was transferred to the surgical service on 
the development of well demarcated gangrene, and the toes involved were 
amputated. 

Postoperative Coiirre.— The patient’s septic type of temperature had been slowly 
subsiding immediately preceding the amputation of the gangrenous toes. The 
temperature returned to normal following the operative procedure, and the patient 
v.as soon discharged from the hospital. The operative wounds healed satisfac- 
torily, and the patient’s general condition was much improved, but the areas of 



A sketch illustrating the areas of superficial anesthesia on the left foot. A indi- 
cates the anesthetic area on the dorsum and the lateral aspect ; B, the anesthetic 
area on the medial aspect, and C, the anesthetic areas on the sole. 


-uperficial anesthesia persisted. The figure illustrates the areas of superficial 
sne-thesia present at the time of discharge. The patient left the city shortly after 
ci-charge, and we were unable to follow the subseguent course. 


COMMENT 

The pathogenesis of thrombi is usually described as consisting of 
^our faaors: the presence of infective organisms, structural alterations 

t e intima, disturbances of the blood current and chemical changes 
’n the blood. 


_ Jt is with the infectious thrombi that the surgeon has to deal ino^t 
‘requent y. The infectious diseases with which arterial thrombo<=i. has 
^ssodated are influenza, u-phoid fever, enteric fever 

like t variola and the 

- eptococci have been the most frequently encountered oftending 
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organisms. Singer;‘ however, considered the gonococcus as a possible 
etiologic factor as early as 1898, and the collected cases of Heller sub- 
stantiated his consideration. The case herein described would seem to be 
attributed to gonorrhea. However, this conclusion is based largely on 
circumstantial evidence, as positive findings of the gonococcus were not 
recorded from pelvic examination or examination of the blood stream 
or the affected joints during the patient’s stay in the hospital. Some 
credence must be placed, however, on the fact that the patient had a 
positive smear for gonococci from the genital tract a short time pre- 
viously; that pelvic examination showed an inflammatory disease process, 
and that the patient presented, in the minds of the attending internists, a 
clinical picture of gonorrheal arthritis. It is regrettable that no culture 
was made from the thrombi at the time of operation, but a negative 
result would not have eliminated gonorrhea as an etiologic factor, for in 
most cases bacteriologic examination of such thrombi has yielded nega- 
tive results. 

Structural alterations of the intima of the affected blood vessels as a 
result of the infectious disease may have been an etiologic factor. The 
action of infective agents in the causation of focal and diffuse diseases 
of the arteries has received considerable attention. The occurrence of 
acute and chronic arteritis as a result of various infective diseases, such 
as acute articular rheumatism, enteric fever, typhus fever, variola, scarlet 
fever, pneumonia, endocarditis, septicemia, syphilis, tuberculosis and 
lepros}’’ is well established,- and it is not unreasonable to conclude that 
arterial thrombosis following gonorrhea may be referable to an infective 
arteritis. Other common causes of intimal changes would be unlikely 
in such localized areas of the vascular system and in a patient of 
this age. 

Retardation of the blood current is but a predisposing or contributory 
cause, and consequently is of significance only when associated with a 
lesion of the vascular wall, the presence of organisms or chemical 
changes in the blood. The circulation in the lower extremities is rela- 
tively sluggish, and with erndence of an infectious process and possible 
chemical changes in the blood this factor may well have been contributory 
in the production of the lesions described. 

That chemical changes in the blood are an etiologic factor in the pro- 
duction of such thrombi is as yet somewhat hypothetic. It is generally 
accepted that the use of foreign protein therapy is sound and productive 
of good results in many cases of gonorrheal arthritis and pelvic inflam- 
matory disease. Schulman enthusiastically recommended the intra- 
muscular injection of milk as giving the most brilliant results in gonor- 

4. Singer; Thrombose und Embolie im Wochenbett mit besonderer Bcrtick- 
sichtigung der gonorrhoischen Infection, Arch. f. Gyniik. 56:218, 1898. 

5. Schulman, M. : Parenteral Protein Treatment of Arthritis, with Special 
Reference to Milk Injections; Its Relation to Anaphyla.xis, M. Rec. 98.47, 1920. 
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rheal anhritis. Murray « stated that the great majority ot workers have 
adopted sterile cow’s milk as the agent of choice in the use of foreign 
protein therapy for pelvic inflammatory disease. 

Xeuhof and Hirschfield ' showed, however, that the intravenous and 
intramuscular injection of sodium citrate, which is general!} known as 
an anticoagulant, results in prompt and pronounced shortening oi the 
coagulation and bleeding time. Salomon and ey “ also showed experi- 
mentallv that the intravenous and intramuscular injection of various 
proteins and chemical agents results in a definitely decreased coagulation 
time. Conversely, Goldenberg and Panisset '' injected milk intravenously 
into rabbits and mice, with no ill effects of any kind. The impression 
exists, however, that the reaction to many foreign proteins and chemicals 
injected intramuscularly is an increase in the coagulating power of the 
blood. 

The reaction of the patient herein described to the injection of 
foreign protein was in no way unusual, the high temperature, leuko- 
crlosis. profuse perspiration, headache, backache, abdominal pain and 
increased pain in the affected joints being common immediate sequelae 
of this treatment. It is not difficult, however, to associate a possible 
chemical action on the blood with the other etiologic factors in the 
production of arterial thrombosis. least the injection of milk was a 
potential etiologic factor in this case and clinically seemed to e.xert a 
potent influence in the production of the thrombotic lesions described. 


sc MM.CKV 


1. case is reported in which a gonorrheal infectious process and 
ttie intramuscular injection of milk seem to be etiologic factors in the 
production ot peripheral arterial thrombosis and gangrene in an 
unusual location. 

2. .■\rterial thrombosis with resulting gangrene limited to the toes is 
a very uncommon occurrence. 

3. Gonorrheal arthritis as an infeaious etiologic factor in the pro- 
duction of arterial thrombosis is rare. 

^ 4. \\ e failed to find a previous record of the intramuscular injection 
ot milk as a probable etiologic faaor in the production of peripheral 
arterial thrombosis. 

Injection in Pelvis Infection. Atn. J. Surg. 8:570, 

Intramuscular Administration of 
K'22. ^ I^Iethod tor the Control of Bleeding. Ann. Surg. 76:1, 

Proteinkorpern auf die Elut- 
n-ici. Injections of Milk, Paris 



INFLUENCE OF VENOUS STASIS ON HETEROTOPIC 
FORMATION OF BONE 
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The question of the influence of circulatory changes on the healing 
of bone has been discussed by many authors with conflicting opinions. 
Pearse and Morton ^ and McMaster and Roome - have offered experi- 
mental evidence that the healing of defects of bones is accelerated 
by venous stasis. On the other hand, sympathectomy, with its increased 
flow of blood in the extremity, has been empirically advocated in the treat- 
ment of fractures by Leriche,^ Colp and Mage ^ and others. Pearse and 
Morton,® Key and Moore ® and McMaster and Roome ^ found no exper- 
imental confirmation of the value of such therapy. Clinically, certain 
atrophies of bone are explainable on the basis of arterial hyperemia 
(Greig^). Harris® listed several conditions known to cause hyper- 
trophy and lengthening of the bones of children in which various degrees 
of venous stasis exist. 

Formation of bone may be initiated by the transplantation of certain 
epitheliums into certain connective tissues. This effect was studied 
extensively by Huggins,® who found that bone occurred nearly con- 

From the Department of Surgery, the University of Chicago. 
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stantly in dogs on autotransplantation of the mucosa of the urinary 
bladder to the parietal fascias or muscles. A cyst forms by proliferation 
of the mucosa, and bone appears in relation to the newh- formed mucous 
membrane from eleven to eighteen days after the transplantation 
(fig. 1). The experiments to be described are a study of the effects 
of venous stasis on such heterotopic deposits of bone. 
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nipfec! siJk sutures. The right femoral vein and its four or five tributaries 
(saphenous, lateral circumflex, anterior femoral and muscular veins) in the upper 
part of the thigh were doubly ligated and portions excised. Roentgen studies were 
made at intervals. No suppuration occurred in any of the wounds, and no impair- 
ment of motion of the legs was noted. Five dogs died or were killed from twenty 
to three hundred and fifty days postoperative]}' ; in three of these the cysts of the 
bladder mucosa and adjacent bone were excised en masse, the soft parts dissolved 
by boiling in a I per cent solution of sodium hydroxide for from thirty to sixty 
minutes, and the plaques of bone washed, dried and weighed. Dog 989 was kept, 
and the density of the transplant bone observed at intervals by means of roent- 
genograms for more than two and a half j'ears. 



Fig. 2.— Roentgenograms showing the bone resulting from the mucosa trans- 
plantation of the bladder into the muscles of the leg: A, dog 173; B dog 7 ; 
C. dog 283; D, dog 291; E, dog 927; F, dog 989. Note that m all films more 
dense bone is present on the side with venous ligations. 


RESULTS OF EXPERIMENTS 

By means of the roentgenograms, more dense formation of bone 
vas observed in the leg with the ligated veins in five of the six animals 
fi^ 2) In one case (175) it was doubtful if there was any difference 

etween the two sides in many of the roentgenograms. 

In the cases in which the density of the bone was folloi\ed by 
^ nvor a lon<r period, there was an increase m density 

Ertaorand a lialf five and a half months, then a stationary 
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period followed by well marked diminution of the density of the bone, 
from four and a half to seven months postoperatively. Traces of bone 
persisted longer than t^vo and a half years in the one dog studied over 
that period (fig. 3). 
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At necropsy on three of the animals (927, 173 and 175) there was 
definitely more bone recoverable from the ligated side in two cases 
and equal amounts in one case. The weights of bone obtained were as 
follows: dog 927, ligated leg, 157 mg., and control leg, 103 mg.; dog 
173, hgated leg, 23 mg., and control leg, 1 mg.; dog 175, ligated leg, 
21 mg., and control leg, 21 mg. 

COMMENT 

In spite of the obvious technical difficulty of transplanting exactly 
equal pieces of mucosa of the bladder into the legs of the dogs, it is 
thought that the consistent results obtained are significant, and that 
heterotopic formation of bone is accelerated by venous stasis. This 
conclusion is probably applicable to the general problem of the healing 
of defects of bone and fractures; i. e., that venous stasis promotes 
osteogenesis. 

It is noteworthy that the bone formed in the soft parts by trans- 
plantation of mucosa of the bladder increases in density for a period, 
and then gradually atrophies. It thus behaves similarly to adult bone 
transplanted into the soft parts, as described by Phemister.^® Traces 
of bone persisted longer than two and a half years, however, in the one 
dog studied over that period ; the presence of the mucous membrane may 
be a factor in causing its persistence in the absence of stress and strain. 

SUMMARY AND CONCLUSIONS 

The effect of venous stasis on heterotopic formation of bone induced 
b)’ transplanting similar portions of mucosa of the urinary bladder into 
the muscle planes of both hind legs, was studied in a series of six dogs. 
The femoral vein and its tributaries in the upper portion of the thigh 
were ligated and excised on one side, while the other leg was used 
as a control. It was found ( 1 ) that in five cases more bone was formed 
in the leg with venous ligations than in the control leg, while in one 
case the amounts were equal, as studied by roentgenograms and by 
weighing the bone plaques ; and (2) that the bone formed about the 
transplant increased in densit}^ for a period of a few months, then 
atrophied, although the bone did not entirely disappear from the legs 
in the one case studied for two and a half years. 

It was concluded that heterotopic formation of bone is accelerated 

by venous stasis. 

5728 Drexel Avenue. 

1930 Wilshire Boulevard. 

10. Phemister. D. B.: The Fate of Transplanted Bone and Begenerativc Power 
of Its Various Constituents, Surg., Gynec. & Obst. 19:303, 1914. 
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Among the manv phenomena associated with arthritis and rheuma- 
toid conditions nodular involvements ot the skin compose an interesting 
group. Frequentlj- some of the nodules resemble those seen in other 
conditions, so that the appearance of such masses is not always conclu- 
sive proof of a rheumatic etiology. Therefore, a careiul differential 
diagnosis is essential. 

REPORT OF CASE 

History . — On March 14, 1932, a Jev.ish woman, aged 50, presented herself at 
Dr. Finkelstein’s clinic. Four weeks before, while bathing, she discovered four 
lumps over the buttocks. The lumps were hard, painless and somev.'hat movable. 

In 1928 a falling piece of ceiling struck the patient on the head- Examination 
at that time failed to reveal any injury. The pain disappeared after the applica- 
tion of an ice-bag. In 1929 she complained of a chronic cough and nervousness. 

that time a few dry rales were heard in both lungs. Her blood pressure was 
IGO systolic and 100 diastolic, the urinalysis gave negative results and degeneration 
of the myocardium was diagnosed. Varicose veins were found, and for these she 
received four injections into the veins of the left leg, three of invert sugar and 
sodium chloride and one of sodium salicvdate and sodium chloride. A severe reac- 
tion iollowed the last injection. The patient had two children and had had no mis- 
carriages. The menopause set in at 42 years of age. M'ith the exception of chronic 
constipation, she had had no other illnesses. 

The husband had a right orchotomy for tuberculous epididymitis and at the 
time of his wife’s examination was under treatment for a peripheral circulatory 
disturbance. The family history was otherwise irrelevant. 

C.raiiiina!io)i.— The patient weighed 170 pounds (77.1 Kg.), was 5 feet 4 inches 
(1G2.G cm.) tall, was somc-rvhat pale and had false teeth. The throat and tonsils 
appeared normal. The internal organs gave no indication of a pathologic process. 
At the level of the third sacral vertebra. 154 inches (3.77 cm.) from the midline, 
hard nwlules could be palpated bilaterally which measured from 1 to 2 inches 
'-a tn 5 cm.)^ in diameter. Two smaller lumps, each the size of a bean, were 
^’Ui.mctl about 3 inches (about 7.5 cm.) from the midline. The masses were'in the 

1931 bciore the Clinical Society of the Hospital for Joint Diseases, April 12, 
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subcutaneous tissue (fig. 1). The overlying skin was somewhat roughened. A 
Wassermann test was negative. A quantitative tuberculin test and a complement- 
fixation test for gonorrhea were negative; a sedimentation test was read as 17 
per cent. A roentgenogram of both lungs showed a calcified nodule in the upper 
lobe of the left lung. 

Biopsy. — On March 24, 1932, a specimen was removed for biopsy. Under 
procaine hydrochloride anesthesia, a slightly curved incision 3 inches (7.5 cm.) long 
was made over the left lower part of the back, along the upper fibers of the gluteus 
maximus muscle. On retracting the skin, a hard fibrous tumor, irregular in outline 
and infiltrative, was seen extending along the fascial plane, in places into the skin 
and in others toward the muscle. On attempting to excise the mass, a large 
number of vessels were encountered. A tumor about the size of a plum was 
removed and sent to the laboratory. 

The microscopic e.xamination was made by Dr. H. L. Jaffe, director of the 
laboratory, whose report follows : “Sections show very extensive single and con- 
glomerate tubercles. There is no caseous necrosis. There is an extensive inter- 
stitial reaction in association with the inflammatory process. Tubercle bacilli will 



Fig, 1. — On the left side the scar left following the biopsy can be seen, and on 
the right, ink markings indicating the nodules remaining. 


be searched for in the section. I would suggest inoculating some of the material 
into a guinea-pig. The appearances are all in favor of the lesion being tubercu- 
lous. The exceptional possibility of its being syphilitic must be considered”^ 
(figs. 2 and 3). 

Course. — The patient was discharged from the hospital on March 26. She 
came back to the clinic for dressings. On March 30, she complained of bleeding 
from the wound. A superficial slough developed, and the patient was readmitted 
to the hospital on April 4. The stitches were removed and a boric acid dressing 
was applied to the wound. Our diagnosis of possible sarcoid was then confirmed 
by Dr. Peck. The culture for tubercle bacilli and inoculation of guinea-pigs with 
secretion of the wound and tumor gave negative results. Sections stained for 
tubercle bacilli revealed none. Amyloid was absent on examination of specially 
stained sections made at the request of Dr. Gross, who also found in the nodules 
a resemblance to foreign body tumors. The wound healed under the dressings. 
The patient was discharged on April 13, but continued to receive injections of 
sodium cacodylate twice a week. Under this treatment the nodules on the right 
side diminished, until after eighteen injections, they were completely absorbed. 
The treatment was discontinued on July 6. 





-■ f nodule removed tor 
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62 


ARCHIVES OF SURGERY 


Recxammatwjt.—On Jan. 23, 1933, a review of the patient’s condition showed a 
finii scar in the left gluteal region. All the nodules had been absorbed completely. 
A sliglit amount of atrophy of the overlying skin and brownish pigmentation were 
still present. 

After Boeck" in 1899 designated the name “sarcoid” for certain 
tumors, Fendt- defined it as signifying a circumscribed benign tumor 
of limited growth composed of groups of round cells, divided off in its 
substance by septums, but as a whole encapsulated and frequently 
healing in response to treatment with arsenic. Many examples of the 
condition were found and described, but it was not until 1910 that 
Darier ^ brought forth the first comprehensive and satisfying classifi- 
cation. 

I-Ie grouped all cases into four sections: (1) multiple benign sarcoid 
of Boeck; (2) subcutaneous tj'pe, of Darier-Roussy ; ^ (3) erythema 
induratum of the extremities ; (4) Spiegler-Fendt = type, a nontubercu- 
lous nodule composed of round cells, resembling the condition known 
as leukemia cutis or lymphodermia. 

The case described here belongs to the Darier-Roussy group. Gen- 
erally speaking, tumors in this group are subcutaneous, round or oval, 
the size of a walnut and painless. The}'^ occur on the trunk, especially 
on the upper part, or on the side of the abdomen. Thej'^ seldom 
ulcerate, and there is usuall)'^ a negative reaction to tuberculin. Histo- 
logically the nodules are composed of epithelioid and giant cells, mostly 
of the sarcoma type, although occasionally of the true Langhans type 
with lymphatic infiltration about the epithelioid layer. The nodules may 
occur in chains along the blood vessels. 

Kuznitsky “ described cases in which the cutaneous manifestations 
wei-e coupled with a similar involvement of the internal organs, includ- 
ing the liver, spleen, lungs, lymph glands and kidneys. He considered 
the disease systemic rather than cutaneous. 

A number of conditions must be differentiated from sarcoid, includ- 
ing among others myogelosis, subcutaneous rheumatic nodules, tubercu- 
losis cutis, gumma, metastatic tumors, inflammatory reactions around 
sites of injections and aberrant glands. 

Etiologically, sarcoid has been much in doubt, Boeck claiming it to 
be tuberculous, Pautrier ” syphilitic and others infectious but of unde- 


1. Boeck; J. Cutan. Dis. 17:543, 1899. 

2. Fendt: Arch. f. Dermat. u. Syph. 53:213, 1900. 

3. Darier: Monatsh. f. prakt. Dermat. 50:419, 1910. 

4. Darier and Roussy: Ann. de dermat. et syph. 5:144, 1904. 

5. Spiegler; Arch. f. Dermat. u. Syph. 27:163, 1894. 

6. Kuznitsky: Miinchen. med. Wchnschr. 62:1349, 1915. 

7. Stillians, A. W.: J. A. M. A. 77:1615 (Nov. 19) 1921. 
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terminecl cause. Kyrle^ found tubercle bacilli in the lesions as early 
as ten days after their onset, yet was not able to demonstrate 
them in specimens from the same lesion at thirty-six days, while 
Pautrier found syphilis associated with sarcoid of the Boeck type and 
also with that of the Darier-Roussy type. In the exceptional cases 
obser\'ed bv Pautrier, cure was accomplished by antisyphilitic treat- 
ment. Thereafter he was of the belief that the condition was as 
closely related to syphilis as to tuberculosis. Stillians,' in 1921, con- 
cluded as a result of his work on the subject that neither of the two 
types so treated by Pautrier was ever caused by Spirochaeta pallida, but 
that the er}thema induratum type mar' sometimes be so caused. 

Prognosis in cases of sarcoid must be guarded as to the disappearance 
of the nodules, but may be good as to surcival. 

The treatment, in addition to that mentioned, has in some cases 
included use of endothermy, mercurous chloride, tuberculin and roent- 
gen rays, .\trophy and slight pigmentation usually follow the absorption 
and disappearance of the nodules. 

SVMM.\RY 

.A subcutaneous tumor of the physical attributes seen in this case, 
not associated with rheumatic involvements, associated with negative 
reactions to the ^^'asserma^n test and to the various tests employed 
"•ith and di^nostic of tuberculosis, uncomplicated by any phenomenon 
of metastasis, not involving tlie general health, shown by biopsy to 
oave a dehnite and characteristic histologic structure, not ulcerating 
anc responding typically to arsenical medication, can bv these criteria 
be safely de signated as a true sarcoid tumor of the Darier-Roussy type. 

Kyrie. J.; Arch. {. Dermal, u. Syph. 131:33, 1921, 
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Having been interested in the problem of osteogenesis and the healing 
of bone we were attracted by tlie work of Flngginsp who showed that 
if the mucous membrane of the bladder was transplanted to the subcu- 
taneous tissue of dogs the transplant tended to produce a cyst lined 
by bladder epithelium, and true bane tended to be formed in the wall 
of the cyst. It occurred to us that epithelium from the bladder might 
stimulate osteogenesis in defects in bone and cause union to occur in 
defects which would normally result in nonunion. In this article we 
report experiments in which relatively large defects in bone in the ulnas 
of dogs were bridged by transplants of the mucous membrane of the 
bladder of the same animal. 

REVIEW OF THE LITERATURE 

The literature on heteroplastic formation of bone and especially on 
formation of bone in the genito-urinary tract has been reviewed by 
Huggins,^ so that it will not be necessary to repeat it here. Neuhof 
noted that if fascia was transplanted into defects in the urinary bladders 
of dogs, bone constantly developed on the surface of the fascia which 
was adjacent to the bladder cavity, and that the bone was invariably 
confined to the transplanted fascia. He believed that the bone wa.‘' 
formed b}^ metaplasia of the tissue and that the metaplasia was caused 
by the deposition of lime salts in the necrotic tissue of the fascial patch 
which was in contact with the urine. It was his belief that the imbibition 
of calcium salts acted as a stimulus to the surrounding connective tissue 
which caused it to build up as powerful a barrier as possible, namely, 
bone. 

Neuhof’s experiment was repeated, and the observation on the forma- 
tion of bone was confirmed by Phemister.-^ Phemister noted that Avhile 

From the Department of Surgerj% Washington University Itfedical School. 

1. Huggins, C. B. ; The Formation of Bone under the Influence of Epithelium 
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3. Phemister, D. B.: Ossification in Kidney Stones Attached to the Renal 
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bone ^vas tormed in the fascial patch in the dog. it was not lormed in 
similar transplants in the bladders of rabbits and sheep. He believed 
that this was due to the fact that in dogs the urine is acid in reaction 
while in herbivorous animals it is alkaline, and he believed that the acid 
reaction had something to do with the formation of bone. 

Huggins’ transplanted mucous membrane from the bladder into 
various tissues, and showed that if a strip of the mucous membrane ot 
tlie bladder was transplanted to the rectus sheath, fascia lata, subcu- 
taneous tissues or muscle of the dog, true bone developed in the trans- 
plant and that this bone contained haversian canals and hematopoietic 
marrow. The bone was always produced in the wall of the erst and 
appeared to be formed under the influence of the proliferating cells 
lining the cyst. Huggins and Compere ^ showed that in the majoritr 
of instances the fluid contained in these cysts was unusually high in 
calcium and phosphorus as compared with the blood of the same animal. 
This capacity to stimulate formation of bone was apparently specific 
for the bladder since bone did not occur in transplants of other epi- 
thelial tissues (from the gallbladder or gastric, jejunal and prostatic 
epithelium). Furthermore, the bladder transplants seemed to require 
a certain type of fibrous tissue for formation of bone, as no bone was 
formed when bladder mucosa was transplanted into the kidney, liver or 
spleen. 

M.\TERI.\LS .AND METHOD 

'Ihis report is based on the results obtained from operations on 
twenty-four adult dogs. The operative procedure was as follows : 

Uwkr c-iher anesthesia the hair was removed from the abdomen and forelegs. 
The ‘kin wa< prepared for operation with iodine. The urinarj- bladder was 
exposed and a piece of the wall of the bladder, approximately 2 cm. square, was 
cxcisid. The defect in the bladder was sutured, and the abdominal wound 
'•'■a- cl( -ed. The mucous membrane from the bladder was then dissected from the 
...UKiilari: and was divided into two equal portions. The lower third of the ulna 
M each k'c wa‘ exposed, and approximately 1 cm. of the shaft was resected sub- 
lenosically. Such a large defect will usually result in nonunion. Or the right 
‘.(.e, one of the pieces of mucous membrane from the bladder was sewed into the 
'.e.cct (.1 the ulna, while the left side was kept as a control. The wounds in the 
\,o igv v.crc then closed m layers. Through a separate incision in the abdominal 
.-.1 lie otlicr hah of the mucous membrane from the bladder was spread out on 
>• - '.up lascia of the abdominal wall and was sutured in place, after which the 

'•v«e killed at intervals of from seven davs to nine 
!-ui‘lu-i tbe gross: then, after roentgenograms 

'•-- ■c-au " sectioned, stained and studied micro- 


I'r d'-.lk! 1 Phosphorus Content cf 

h t D : - p" of Mucosa of Urinary Bladder to 

D,g-. Pn.c. voc. Kx-per. Biol. & Med. 27:753 (May ) 1930. 
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In addition to the experiments just described, ten experiments were performed 
m wliicli the bladder was opened and some of the epithelium was scraped off the 
surface. These scrapings were transplanted into defects in the right ulna of the 
same animal, while a similar defect was made in the left ulna for a control. 


KESULTS 

The results of the longer experiments are shown in the table. Union 
occurred on the control side (left) in only two instances. 

In the right leg, in which the defect in the bone was bridged by a 
strip of bladder mucosa, union by bone occurred nine times ; new bone 
was formed in the defect in every case, and in thirteen of the sixteen 
experiments the production of bone was marked. Not only was new bone 
produced in the defect, but union was the rule, and even in cases in 


Results of Trausplautiug Mucous Membrane from the Bladder to Resected 

Right Uliias of Dogs* 
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* The left ulna is the control. 


which union by bone did not occur, the atrophy which was uniformly 
present in the control experiments (with nonunion) was not present on 
the side which contained the bladder transplant. 

Gross Appearance . — In the experiments of short duration there was 
little difference between the control and the defect which was bridged 
by the bladder transplant except that the callus tended to be more volu- 
minous and more firm on the side with the transplant. This callus 
contained cysts which varied in size directly as the duration of the 
experiment. In experiments of long duration, in which the control sides 
did not unite by bone, the ends of the fragments were reduced in 
diameter, were atrophic in appearance, and the defect was bridged by 
a strand of dense fibrous tissue. In the same animals the ulnar defects 
which had been bridged by bladder mucosa presented very different 
pictures. Here the ends of the bones were usually enlarged and rather 
more dense than normal, and the defect was filled by a mass of tissue 
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which consisted of either callus or bone and which contained cysts, 
varN-ing in size directly as the duration of the experiment. In some ot 
the'longer experiments these cj-sts were quite large and projected from 
the side of the hone, the largest individual cyst, which measured 2 by l.a 
by 1 cm., being produced in the experiment which lasted for two hundred 
and seventeen days. In practically ever>- instance these cysts were multi- 
locular, or else multiple small cysts were present. 

Roentgen Exaniinafion . — ^In the seven and fifteen day experiments 
the roentgenograms of the transplant and control sides were practically 
the same, but in the experiments which lasted from three to four weeks 
the roentgenograms showed a thin strand of calcified material stretching 
iietween the ends of the bone on the transplant side, while there was 


no evidence of new bone bridging the defects on the control sides. 

In the longer experiments the defects in the control not only showed 
nonunion, but the bones on the control side exhibited atrophic changes 
which were definitely present as early as thirt3'-five daj's after the 
operation. These changes consisted not only of a rarefaction of the 
ends of the bones, but also of a definite decrease in diameter. Although 
the atrophy occurred more rapidly in some animals than in others, it 
was progressive, and was most marked at the ends of the fragments. 
For instance, in one of the fort>'-nine day experiments the upper frag- 
ment of bone was reduced to about half its normal diameter, and tapered 
down to a thin point. In others the bones maintained approximately 
their normal diameter for a longer period, but in all of the later experi- 
ments the atrophy on the control side was definite. One of the two 


instances in which union occurred on the control side was an exception, 

and in this ulna there was little or no demonstrable atronhv (fie^. 1 
to 8). 1 . s 

The defects which had been bridged by the bladder transplants pre- 
sented a different appearance, for in all of these in which the e.xperiment 
lasted over thirty-five days the ends of the fragments retained their 
norma! size and densit}- or were unusually large and more dense than 
normal. Not only was there no atrophy, but union by bone occurred in 
twelve oi the sixteen experiments (table and figs. 1, 3, 6, 7 and 8). 

^ In the four instances in which union by bone failed to occur on the 
Sit e \Mth the transplant, not only was there no atrophy, but considerable 
'^'3^ produced in the defect (figs. 2, 4 and 5). 

0"^ occurred in the 

8) irthe ^ (figs. 6 and 

'riih ree-tll side showed union. 

th.1 i. the 1 1 produced by the bladder transplant • 

-- ...0 l,o„e ,.ecn„,c enlarged. ,l,e end, of the iragnrents Jcle 



Figs. 1 to 8. — Roentgenograms showing: defects of bone in the ulna bridged 
b}' transplants of bladder mucosa ; defects in the control in the opposite ulna ; 
four cysts formed by bladder transplants in the abdominal wall. 1. Bladder trans- 
plant after thirty-five days ; a, control. 2. Bladder transplant after fifty-nine da)'s ; 
a, control ; b, cyst in the abdominal wall. Note in figure 2 two spicules of new 
bone attached to the distal fragment, but not united by bone to the proximal frag- 
ment. These were separated b}" a cyst. There is a small stellate mass of bone in 
the cyst in the abdominal wall. 3. Bladder transplant after fifty-nine da 3 's ; the 
defect is bridged bj^ a mass of bone which contains numerous small cj'sts, causing 
it to have a worm-eaten appearance ; a, control ; b, a cyst in the abdominal wall. 
4. Bladder transplant after seventj'-five daj^s ; the defect is occupied by two large 
cysts resulting in nonunion ; a, control. 5. Bladder transplant after seventy-five 
days ; there is nonunion on both sides, but on the side of the bladder transplant 
there is a considerable amount of new bone attached to the lower fragment, the 
defect being occupied by cysts ; a, control. 6. Bladder transplant after two hundred 
and ten days ; a, control with union ; b, C 3 'st in the abdominal wall. 7. Bladder 
transplant after two hundred and sevent 3 ' da 3 'S ; note the multiple cysts in the 
bone bridging the defect on the side with the transplant; a, control. 8. Bladder 
transplant after two hundred and sevent 3 ’^ days; note the cavity in the bone on the 
side with the transplant and the spicule of new bone projecting from the side 
of the ulna; a, lighter print to show a C 3 -st in the bone; b, control, showing union, 
c, cyst in the abdominal wall. 
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cbuniated, and the detect \vas occupied by a mass of tissue containing 
bone and many clear areas. These dear areas represented multiple 
cvst.s. In addition to the cysts in the bone there were, m these two 
instances, large cysts projecting from the sides of the bone at the site 
of the preexisting defect. 

A good example of the end-result in the defects in the transplan,, 
and control is shown in the specimen from the experiment lasting two 
hundred and seventy days ffig. 7)- Here the multiple cysts possessed 
a dense fibrous wall on their free surfaces and contained a thin brown- 
i.sh fluid. Occasionally part of the wall of the cyst projecting from the 
shaft of the ulna contained considerable bone, as illustrated in figure 8. 


Abilowiiwl Transplants . — All of the abdominal transplants produced 
cysts which varied in size directly as the duration of the experiment, 
the smallest appearing in the earlier experiments and the largest, mea- 
suring 4.5 by 2,5 cm., occurring in a nine month experiment. All of 
the cysts contained a thin brownish fluid and all possessed a base of 
dense connective tissue and a dense fibrous wall, which composed the 
dome of the cyst. In all except the first two transplants, definite bone 
was produced, and this bone was always present in the base of dense 
connective tissue and never in the dome of thin connective tissue. 

In the microscopic sections hone was seen in the wall of the abdomi- 
nal cyst of the twenty-one day experiment. However, in eight of the 
twenty experiments which lasted thirty-five days and longer, the bone 
was so small in amount that it was not demonstrated in the roentgeno- 
grams of the cysts. 


The amount of hone produced in the walls of the abdominal cysts 
uas not as great as the amount of bone produced around similar trans- 
jilants of mucous membrane from the bladder which were placed across 
a fresh defect in the ulnas of the same animals (figs. 2, 3, 6 and 8). 


Miao.scapic E.Yaininafion. — Controls; In the controls, the defect 
m the early experiments was filled with a mass of blood clot and granu- 
lation tissue, and there was some proliferation of osteogenic tissue from 
the ends of the fragments and beneath the periosteum. There was no 
tendency to form a strip of new bone along the periosteum which- 
mdged tlie defect. The subperiosteal new bone projected only a short 
' ^'nnee beyond the ends of the fragments and tended to dip into the 
'lekct and become continuous with the new bone .springing from tiie 

himVlT’"" tl'M foxing a sort of entl- 

">■ V I,.,-,,' r «»"'''■«■. instead of the formation of 

nilr,! >vi.l, f,l!m,n IT T “'“'"■'’"I- anti the detect hccame 
■ t ->UC while tlie ends of the fragments atrophied. 
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In a specimen examined thirty-five days after the operation the 
defect on the control side was filled with a mass of fibrous tissue, and 
the ends of the fragments were markedly atrophied, the atrophy appar- 
ently being due to large numbers of osteoclasts eroding the bone at the 
ends and around the circumference of the fragments beneath the perios- 
teum. This osteoclastic absorption continued throughout the experi- 
ments and must sometimes have been present simultaneously with a 
small amount of formation of new bone, since in most of the controls 
there was evidence of osteoclastic resorption as well as formation of 
new bone around the ends of the fragments. Osteoclastic resorption 
was present even in the longer experiments, but with the bones very 



Fig. 9. — Fifteen day experiment: This shows a portion of a small cyst in the 
defect on the side of the bladder transplant with new bone around the cyst ; 32 mm. 
objective on the left and 16 mm. on the right. 


atrophic, the number of osteoclasts was considerably less than in the 
earlier experiments in which the resorptive process seemed to be more 
active. 

Bladder Transplants in the Ulna: In the seven day experiment the 
defect in the ulna was filled with an organizing blood clot containing 
masses of bladder epithelium, in some of which the cells had proliferated. 
In the experiment using the scrapings these cells had formed small cysts. 
Some of the cysts contained a granular precipitate while others con- 
tained small spherules, most of which could be stained with eosin. 
There was no evidence of bone around the walls of the cysts. The 
ends of the fragments of bone were apparently dead, as the lacunae 
were empty, but there was rather marked proliferation of osteogenic 
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beneath Ute periosteum and 1*%^“ finge^ 

rr rr - - 

cot bad .atge,; disappeated 
and "h""vas filled tvith vouug connective tissue tvhtch conned 
ote large masses ot cartilage. In the center o, one ot these uas 



Fin. 10. — Twenty-one day e.xperiment: New bone around the margin of the 
fyjt lined by bladder epithelium which spans the fragments; 16 mm. objective. 


n small cyst lined by bladder epithelium, and around the tvall of the 
c\.'l was a thick layer of newly formed cancellous bone (fig. 9 ). Some 
ni this bone merged into the surrounding cartilage and appeared to 
ba\e been formed by calcification of the cartilage, while in other areas 
m the same ma.'ts the bone apparently had been formed bv osteogenic 
tciU in a matrix fi{ connective tissue, showing no evidence of a carti- 
l.emons ^tage. In most places the epithelium of the wall of the cyst 
w.-.v vciiaratL-d from the surrounding bone by a thin layer of connective 
or by a homogeneous hyaline layer. Osteogenesis appeared to be 
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proceeding from the wall of the cyst outward. In another fifteen day 
experiment m which a .stri]) of membrane was used, a large cyst extended 
almost across the defect, and some new hone was present along the 
wall ol the cyst next to the callus in the defect. 

J he ends of the hones in the fifteen day experiment were covered 
In a cap of new hone, some of the trabeculae of which were continuous 
with the necrotic ends of the fragments. There was considerably more 
new bone here than in the c.xperiments lasting seven days. 



Fig. 11. — Twenty-one day e.xperiment : Note the margin of new bone along 
one wall of the large cyst lined by bladder epithelium; 16 mm. objective. 

In the twenty-one da)' experiment the defect was spanned by a large 
cyst, one wall of which was bounded by a thick layer of new bone which 
was continuous with the subperiosteal new bone around the end of one 
of the fragments (figs. 10 and 11). 

In the longer experiments there was a progressive increase in the 
amount of callus and bone between the fragments and also a progressive 
increase in the amount of bladder tissue. The callus tended eventually 
to span the defect and then to undergo a transformation from an embry- 
onic type to the adult type of bone (fig. 12). In many instances small 
masses of bladder tissue became incorporated in the callus and formed 
thin-walled cysts surrounded by bone. In other instances the l)laddcr 
transplant formed one or more large cysts which often lay along the new 
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bone .-Inch spanned the delect. In the older experinnents these cysts 
v.-ere lined bv a thin layer of atrophic epithelium, and the walls con- 
sisted of a dense collagenic layer which contained ver}- few cells. 

It was not possible from a study of the sections ot the longer 
experiments to draw any conclusions in regard to the influence ot t le 
bladder transplants on the formation of new bone, as there was no 
constant relation between the new bone and the bladder transplants. 
In some sections much new bone was present in areas in which no bladder 
tissue was seen, while in other sections, or even in other areas ot the 
same section, the new bone was laid down along the cyst wall, or the 


ir 





Wj : ■ 


Fie. 12. Fifty-nine day experiment : The cyst is lined by several lar'ers of 
1 ladder epithelium with mature bone ad;acent to the wall of the evst; 8 mm. 
‘■■hjective. 


!'..»!(, cT epiiheliiim was closely applied to a mass of bone, with only a 
thin ba>emciu layer intervening. In some of the older experiments the 
■elect wa.s bridged by a mass of adult bone u'hich contained numerous 
cysts lined liy bladder epithelium (fig. 1.3). It was esi^ecially 
•yoce.ili.e that atrojihy of bone did not occur in the presence of the 
tr.in>plants. and that the ends of the fragments tended to remain 
uiamtain their normal dcn.--ity or become more dense than 

_ ^i-'eeiunal lran^plants: There was marked proliferation of the 
‘ - . uetl-.cnmn and beginning formation of cysts in the seven 
■ ' ^ 'vrmvn.. In tb.e fifteen day specimens small cysts had been formecL 
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and in the twenty-one clay specimens the cysts liad reached a diameter 
of 7 mm. I he earliest new bone was found in the twenty-eight day 
specimen. This consisted of .several small patches of ossification in 
the fibrous tissue of the wall of the cyst. Apparently this bone was 
formed in connective tissue without any preceding formation of carti- 
lage. In all of the older cysts a variable amount of bone was present 
in the connective tissue adjacent to the walls of the cysts. In some 
instances this bone formed large placiues, and in others the cysts were 
surrounded by a sbell of bone, or the bone around several cysts had 



Fig. 13. — Two hundred and seventy day experiment ; A portion of a large 
cyst can be seen in the upper left-hand corner and multiple small cysts scattered 
through the mature bone which is bridging the defect; 16 mm. objective. 


coalesced to form a mass from which the cysts protruded. Hyaline 
cartilage was occasionally seen in the bone in some of the later cysts, 
but in no instance was there any indication that cartilage was formed 
earlier than bone. 

COMMENT 

The results of the experiments reported in this paper indicate that 
the presence of a growing transplant of epithelium from the ))]adder 
tends to stimulate osteogenesis in the defect and causes it to be bridged 
by new bone in circumstances which would ordinarily result in nonunion. 
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Microscopic examination of specimens removed from one to four 
weeks after the operation indicated that the new bone w^ termed 
directly under the influence of the growing epithelium of the bladder 
and was not the result of formation of bone along a strip or sleeve ot 
periosteum bridging the defect. This statement is based on the obser- 
vation that in the early experiments the new bone usually lay close to 
the proliferating epithelium and bore no constant relation to uhe 
periosteum. 

We shall not attempt to settle the question as to whether or not 
periosteum can be depended on to form bone, as our operations were 
not executed carefully enough to be of value in this respect. M e simply 
e.xposed the ulna, split the periosteum, pushed it back with an ele^ator 
and removed a section of the shaft — an operation which we would expect 
to result in nonunion. In young animals a fairly complete sleeve of 
periosteum was left, but in old animals the periosteum was thin and 
tore easily, so that no such sleeve was obtained. However, even in old 
animals there was always a strip of intact periosteum left along the 
interosssus membrane, so that in all of our experiments the detect was 
bridged by periosteum. An effort was made to make the control defect 
in the left ulna as nearly like that in the right ulna as possible. 

Xo effort was made to determine how wide a defect could be bridged 
by bone under the influence of the bladder transplant. In fact, our 
effort was to make the defects just wide enough to assure nonunion, and 
in two instances we failed to do this as is indicated by* tlie fact that 
union occurred on the control side (figs. 6 and 8) . However, the fact 
that nonunion resulted in fourteen of sixteen controls in which the 
experiments lasted over thirty-five days is evidence that in the main 
our defects were adequate, and the observations on formation of new 
bone and union in the right ulna as recorded in the table are evidence 
that the bladder transplant in these limbs e.xerted an influence on the 
formation of new bone in the defect. 

Xot only did the bladder transplant cause new bone to form in the 
defect, but it also tended to prevent the atrophy of the ends of the 


tmgmems which uniformly occurred on the control side with nonunion. 
I his was true even in the four instances in which union did not occur 
on the side with the transjilant. 


The presence of the transplant in the vicinity of a fracture appeared 
to result in the production of a larger amount of bone than occurred 
ni similar transplants of bladder epithelium in the abdominal wall. Xot 
''u y this. 1ml the bone appeared earlier falter fifteen davs in the defect^ 
. nd alter twenty-eight day.s in the cysts in the abdominal wall). This 

'i ' osteogenesis was caused bv the 

“-ca.o. Imt ex,>erinients in progress indicate that the presence' of a 
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reservoir of calcium in tlie vicinity of a bladder transjdant in the abdomi- 
nal wall results in the production of more bone in the wall of the cyst 
than occurs in a similar transplant which is not close to a calcium depot. 

\\'e are not yet able to e.xplain the mechanism by which the bladder 
transi^lant causes formation of bone. As we have already stated, the 
bone was usually formed directly in the connective tissue and was not 
preceded by the formation of cartilage. It is possible that the bone is 
due to the presence of a local excess of calcium, and that this calcium 
is secreted by the ejiithelial cells of the transplant. This theory is in 
accord with the observations of Huggins,' who noted that the fluid 
in the cysts contained a higher concentration of calcium than did the 
blood of the same animal. 

W'e have considered the ])Ossibility that the bladder epithelium might 
contain some substance which tends to cause formation of bone. Work- 
ing on this hypothesis we have made various kinds of extracts of bladder 
epithelium and injected them into the tissues around experimental frac- 
tures, but thus far the results of these experiments have been negative.® 

CONCLUSIONS 

Homologous transplants of epithelium from the urinary bladder tend 
to cause formation of bone in their vicinity, and if they are placed in 
a defect of bone they tend to cause union in defects which would oi'di- 
narily i-esult in nonunion. 

5. Gopher, G. H. ; Key, J. A., and West, E. S. : Influence of Bladder Extracts 
and Viosterol on Healing of Fractures and Bone Defects, Proc. Soc. E.xper. Biol. 

& aMed. 29:646 (Feb.) 1932. 
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LOS AXGELES 


The occurrence of an acanthoma at the anus is sufficiently rare that 
lev," observers are privileged to study more than 1 case. In a studv ot 
1 ,097 cases ot malignant tumor occurring in 9,000 consecutive autopsies 
pertonned in the Los Angeles County General Hospital, we hare had 
the opportunitv to studv 3 cases of epidermoid carcinoma which arose 
in the anorectal region. This constituted an incidence of 1 per cent of 
ail the primary new growths found in the gastro-intestinal tract, and 
approximately 3 per cent of the carcinomas arising in the large bowel. 
Lynch ' in a review of 491 cases of cancer of the rectum and pelvic colon 
reported 15 cases of epithelioma, an incidence of 3 per cent. Pack.- after 
an extensive study of anal and rectal neoplasia, concluded that epithelioma 
in this region was comparatively rare, with an incidence of from 3 to 
9 per cent. Brofeldt “ studied 260 cases of rectal tumors and reported 
5 cases of squamous cell carcinoma. 2 of which were not verified by 
microscopic study. The cases reported in our study occurred in a series 
of 46 malignant tumors originating in the anorectal region,’ thus giving 
an incidence somewhat higher than that reported by other obser\-ers. 

The literature of the past two decades contains reports of 40 cases 
of anal acanthoma. Kerr.“ in 1913, reported the successful resection 
of a cauliflower-like mass arising at the anal mucocutaneous junction 
whicli proved histologically to be an epidermoid carcinoma. Lynch,^ 
m 1917. reported 15 cases of anal epithelioma without attempting to 

From the Department of Pathology (Dr. Newton Evans, Director), Los 
•\necks County General Hospital. 

1. Lynch. Jerome M,; Cancer of the Rectum and Pelvic Colon, J. A. M A. 
*19:1775 (Nov. 24) 1917. 

2. Fsek. George T. ; The Pathological .Aspects of Anal and Rectal Neoplasia 
Inierr.rit. Clin. 2:77 (June) 1927. 

2, r.ro;cl,lg s. .A.-. Zur Pathogenese des Plattenepithelkrebses der Pars analis 
recti. .Acta Soc. med. tenn. duodecim 8:3. 1927. 

_ L Unrding. Warren G.. 2d. and Hankins. Franklyn D.: Post Mortem OEer- 
■■ -t n.« Carcinomas of the Large Bowel, .Am. J. Cancer 17:634 (Feb.) 1933 

S«rg.. Gyncc. & Ohst.' 16:108 
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descriljc the clinical course or the pathologic findings in the disease. In 
a case of squamous cell carcinoma of the anus roentgen therapy was 
used by Lockhart-Mummery “ in 1923. One such tumor, arising at 
the site of an imperforate anus, was described by Mecray ’’ in 1926. 
Wallon,® Hawe » and Plisson reported cases in 1927. In addition 
Brofeldt reviewed the jjathogenesis of pavement cell carcinoma of the 
anal canal and reported 3 cases which were verified histologically. In 
1930 Angevine studied at autopsy a case showing 3 distinct malignant 
rectal tumors, 1 of which was an acanthoma. Rosser,^- in studying the 
relationship of chronic inflammator}' lesions of the rectum to neoplasia, 
described 3 microscopically proved epidermoid carcinomas of the anus. 
Gabriel,’® in a stud}' of the end-results in the treatment of 370 cancers 
of the rectum, recorded 12 cases of squamous cell carcinoma of the 
anus and anal canal. Of these, 8 were assessed as “operable” and 4 as 
“inoperable.” Recently Lockhart-Mummery reported the treatment 
of an epithelioma of the anus occurring in a man 56 years of age. A 
combination of radon seeds and radium needles inserted beneath and 
around the tumor was used. Thei'e was no evidence of recurrence at 
the time of reporting, nearly one year after treatment. 

REPORT OF CASES 

Case 1. — History. — Mr. Y. V., a Mexican laborer, aged 35, presented himself 
in the outpatient department in June, 1926, complaining of severe constipation and 
a stinging pain in the anorectal region during defecation followed by a slight 
amount of bleeding. A diagnosis of condyloma of the anus and cryptitis was made 
and appropriate therapy was advised. He refused treatment, and was not seen 
again for two years. On his return, in 1928, he complained of “piles” which had 
caused considerable pain, difficulty in expelling the feces and occasionally bright 

6. Lockhart-Mummery, J. P. ; Diseases of the Rectum and Colon, New York, 
William Wood & Company, 1923. 

7. Mecray, P. M. ; Epithelioma of the Anus in a Case of Imperforate Anus, 

S, Clin. North America 6:1623 (Dec.) 1926. 

8. Wallon, E. M.: Epithelioma anal gueri par le radium apres derivation 
temporaire des matieres. Bull. Soc. frang. de dermat. et syph. 34:436 (July) 1927. 

9. Hawe, P. : Carcinoma, a Complication of Piles, Brit. M. J. 2:349 (Aug. 27) 
1927. 

10. Plisson, M. L.: Epithelioma ano-rectal, Progres med. 42:1408 (Sept. 10) 
1927. 

11. Angevine, D. M.: Three Primary Malignant Epithelial Tumors of the 
Ano-Rectal Region Occurring in One Person, Canad. M. A. J. 23:38 (July) 1930. 

12. Rosser, Curtice: Etiology of Cancer of the Anus, Am. J. Surg. 11.328 

(Feb.) 1931. . 

13. Gabriel, W. B.: End Results of Perineal Excision and Radium m the 
Treatment of Cancer of the Rectum, Brit. J. Surg. 20:234 (Oct.) 193-. 

14. Lockhart-Mummery, J. P. : Epithelioma of Anus Treated by Radium, 
Proc. Roy. Soc. Med. 26:589 (March) 1933. 
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red blood in the stool. During the preT.dous three weeks he had suffered severe 
pain in the right side of the chest, associated with coughing. 

Physical Examination revealed an emaciated man of 37, appar- 

entlv in distress. The right side of the chest showed the classic findings oi a 
massive pleural effusion. There was exquisite tenderness to deep palpation in the 
right side of the hs-pochondrium, without other abdominal findings. A girdle ulcer 
with a firm base occupied the lower half of the anal canal, at the base ol^ which 
was a “sentinel” pile. An ulcerative proctitis extended above this ulcer for 2^4 
inches (6.4 cm.). A blood test showed 17,600 white cells, with 79 per cent poly- 
morphonuclears. The sputum was negative for the tubercle bacillus. The asser- 
mann reaction of the blood was 4 plus. 

Course . — The course was progressively downward, with a septic temperature 
and an increase in the severity of the symptoms in the chest. Death occurred after 
two months. 

Autopsy . — The essential pathologic findings exclusive of the acanthoma were 
limited to an extensive amebic colitis and an abscess of the liver with diaphragmatic 
extension resulting in empyema on the right side- The anus was deeply fissured, 
with a large necrotic ulcer. No local extension or regional adenopathy was found. 
The microscopic sections of the anal ulcer showed a squamous cell carcinoma 
graded 1 as described by Broder. 


C.tSE 2. — History. — ifrs. P. R., aged 40, was admitted to the Los Angeles 
County General Hospital with a complaint of malaise, weakness, loss of appetite, 
severe constipation and difficulty in expelling the feces. She first noticed these 
s>mptoms three months before admission. One month after the onset she was 
troubled with flatulence which had been progressively worse until the date of 
admission. The constipation virtually amounted to obstipation during the immedi- 
ately preceding month. Twice during the course of the disease she had noticed 
bleeding from the rectum which she ascribed to hemorrhoids. 


Physical Examination . — Examination revealed a well nourished Me.xican woman 
not in acute distress. The physical findings were essentially normal except for the 
local pathologic process. The posterior wall of the vagina was pushed forward 
by a hard mass, giving the impression that the rectum was packed with feces. 
Digital examination of the rectum revealed a coarsely nodular, friable, ulcerated 
Hiass originating at the anorectal junction and e.xtending upward into the pelvis 
bcjond the length of the examining finger. The lesion occupied the entire circum- 
itrtncc of the rectum except for a strip along the anterior wall which measured 
1 cm. in width. Proctoscopic examination showed the lesion to extend for appro.x- 
imately 5 cm. above the anorectal junction. The perirectal tissue was moderately 
'•‘iUrated. Lalwratory examination, including the injection of a radiopaque enema, 
-a\c negative results except for a Wassermann reaction of 1 plus and a Kahn 
nnctinji Oi 2 plu?. 

Cnursc.~.\ single loop colostomy was made, and the distal loop transplanted 
^’ctroperitoneal space. The postoperative course was hectic, and on 
n.nt;,e-enth day a perineal incision was made into a large perirectal abscess. 

colostomy was resected, the abdominal 
■ '..‘..i postoperative course was stormy. Death occurred in 

(.115 With clinical evidence oi acute generalized peritonitis. 

t: ./cii-i- E'gnificant organic changes were limited to the neoplasm and 

5-'-g<cal assault directed toward its destruction. The 
The mucosa of the portion of 
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bowel immediately proximal to the tumor was superficially ulcerated, but showed 
no other essential disease. At the anorectal junction was a firm mass, the lower 
margin of which was polypoid, ragged, necrotic, foul smelling and ulcerated. The 
neoplastic tissue above the ulcer produced a considerable degree of stenosis. The 
perirectal tissue was indurated and in the region of the posterior vaginal wall 
showed the remains of an abscess which was draining into the vagina. A careful 
search of the pelvic lymphatics and the inguinal nodes showed no metastatic 
deposits, either in the gross specimen or by microscopic section. The abdominal 
cavity showed the typical changes of acute generalized peritonitis. 

Histologic exan-.ination of the growth revealed a typical malignant growth of 
epithelial cells of the squamous variety. Numerous pearl bodies were present. 
The carcinomatous cells were found invading the muscularis of the bowel, but 



Fig. 1 (case 3), — Exophytic t}'pe of acanthoma of the anus. 

none was found in the perirectal fat. An extensive infiltration of polymorpho- 
nuclear wandering cells was present throughout the tumor. Microscopically the 
tumor was graded according to Broder’s classification as grade 1. 

Case 3. — History. — ]\Ir. J. H., aged 60, was admitted to the Los Angeles County 
General Hospital, complaining of constipation for many years, a progressively 
enlarging ulcerating growth at the anus and pain in the region of the tumor when 
sitting. The growth appeared nine months previously as a “bluish pimple in the 
perianal skin. The tumor was firm and painless, and during the early portion of 
its growth invaded the anal mucosa. During the immediately preceding three 
months the growth became painful to pressure and bled when traumatized. The 
patient’s history was irrelevant except for a syphilitic infection thirty years before 
admission which had been vigorously treated. 

Physical E.vamination . — Examination revealed a well preserved and well nour- 
ished white man who did not appear to be acutely ill. The essential ph 3 ’.sical find- 




Fig. 2 (case 3 ) .—Photomicrograph of well differentiated tissue with numerous 
pearl bodies ; hematoxylin and eosin stain ; X 165. 
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ings were limited to the anal growth. The anal orifice was obscured by an elliptic, 
velvety, papillomatous, ulcerated and necrotic tumor 12 by 8 cm. in diameter which 
occupied the perineum from the central tendinous point posteriorly to a point 1 cm. 
anterior to the tip of the cocc^'x. The lateral margins were approximately 1 cm. 
medial to the tuber ischii. The central portion was deeply fissured and ulcerated, 
and discharged a seropurulent fluid. The margins were dusky, smooth, rolled and 
sharply limited. The tumor was hard except in the midportion, where necrosis 
had taken place. The tumor caused considerable constriction of the anal orifice, 
and extended upward to the lower surface of the levator ani. No enlarged lymph 
nodes were found in the pelvis or in the inguinal region. The laboratory findings 
were negative except for a Wassermann and Kahn reaction of the blood serum 
of 4 plus. 

Course. — The entire growth and the fat in the ischiorectal fossa were resected 
with the Percy cautery following removal of a specimen for biopsy. The patient 
failed to respond postoperative!}', and the condition became toxic. He died of 
circulatory failure on the sixth day following the operation. 

Autopsy. — A complete examination of the body revealed no remaining car- 
cinoma. Otherwise the essential changes were a marked generalized arteriosclerosis 
with coronary sclerosis. Histologic examination of the specimen removed at 
operation showed a grade 1 (Broder) squamous cell carcinoma. 

COMMENT 

Acanthomas of the anus usually arise at the mucocutaneous junction. 
The lesion is sharply demarcated and becomes ulcerated late in its course. 
The growths may be of the exophytic, exuberant type (case 3) or the 
endoph 3 dic type which occupies the anal canal without producing an 
externally visible tumor, as illustrated by cases 1 and 2. Clinically the 
tumor produces a period of constipation of varying length before 
localizing symptoms appear. Later, the patients complain of a sense 
of fulness in the rectum, difficulty in expelling the feces and a minor 
amount of bleeding, and in the exophytic type the tumor is often 
described. The endophytic type is frequently associated with hemor- 
rhoids. Early ulceration associated with excruciating pain, as empha- 
sized by Rankin, Bargen and Buie,^® was not prominent in our cases. 

Several views have been expressed regarding the etiology of this 
neoplasm. The exciting cause is veiled in the obscurity enclosing the 
etiology of malignant growths elsewhere in the body. Pack - supports 
the Cohnheim theory of “cell rest” and relates its probability to the 
complex embryologic development of this particular region. The theory 
ascribing the development of cancer to the changes resulting from 
chronic irritation has been especially' emphasized in this location owing 
to the nature of the secretions present, the inability to maintain strict 
cleanliness, and, associated with these factors, the occurrence of such 

15. Rankin, F. W.; Bargen, J. A., and Buie, L. A.; The Colon, Rectum and 
Anus, Philadelphia, W. B. Saunders Company, 1932. 
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lesions as fissures, fistulas and hemorrhoids. Opposed in part to that 
theorv is the case described by ^lecray ‘ of an epidermoid carcinoma 
occurring at the site of an imperforate nonfunctioning anus. It must be 
conceded, horvever, that in this case the element of chronic irritation is 
not completely excluded. The ulcerative colitis due to Endameba 
histohaica in case 2 is an added factor of chronic irritation, Broteldt •' 
maintained that leukoplakia is frequently present in the anal canal and 
has a relation to anal cancer similar to that which its homolog in the 
oral cavit)' has to the development of buccal carcinoma. In the 3 cases 
reported here it seems noteworthy that a positive \\ assermann reaction 
of the blood serum occurred in each case, although the reaction present 
in case 2 was only 1 plus with an accompanr-ing Kahn reaction of 
2 plus. The reactions were repeated in each case. These cases were 
not seen sufficiently early to determine whether this factor operated 
through the development of leukoplakia. The one patient seen 
two years before the tumor was diagnosed was thought to have an anal 
condyloma. In the case reported by Wallon® a diagnosis of "mucous 
patches” was made three years before the acanthoma developed, and 
the patient was given appropriate antisyphilitic treatment. It appears 
that the syphilitic infection furnished a favorable soil on which the 


epithelioma developed. In cases 1 and 2 of this report an associated 
rectal lesion produced chronic irritation complicating the problem of 
determining the underlying cause. 

From the point of view of pathology these growths are of a com- 
paratively low degree of malignancy. Each of the three cases we 
studied was classified as grade 1 (Broder). The tumor is at times 
tound penetrating the muscular coats of the bowel, suggesting the 
poisibilit)- of direct extension into the ischiorectal fossae. None of the 


cases described sborved metastases to the regional nodes, ^^'aring'^ 
discussed the mode of metastases to the inguinal nodes via a lateral 
and a medial channel. Ko secondary deposits were found in this group 
^ nodes although a careful search for them was made. 

The therapeutic deductions from these data are obvious. The lesion 
cou e cured in its early stages by local removal, preferably by the 
n, as suggested b\ Charles Mayo.’' Later in the course of the 
nease the anus, anal canal and lower portion of the rectum should 

extensive dissection of the inguinal nodes 
For epitheliomas graded 3 and 4 (Broder) Rankin, 


Xwum 'S' SS' r 1 Oper.fc Procedure in Omcer of the 



84 


ARCHIVES OF SURGERY 


Bargcn and Buie’'’' advocated treatment hy irradiation in perference 
to surgical intervention. Wallon,® Lockhart-Mummery and Gabriel 
have re])orted success in curing this lesion hy irradiation, although the 
degree of differentiation of the tumor as shown hy its histopathology 
does not particular!}' suggest that it is radiosensitive. 

SUMMARY 

1. Fort}' acanthomas of the anus reported in the literature of the 
past two decades are reviewed. 

2. The clinical course and findings at autopsy in 3 cases of 
acanthoma of the anus in a series of 46 malignant tumors of the 
anorectal region are recorded. 

3. Each of the 3 patients presented an associated syphilitic infection, 
evidenced hy positive Wassermann and Kahn reactions of the blood 
serum. 

4. These tumors are of a comparatively low grade of malignancy. 
Each of the 3 tumors reported here was classified grade 1 (Broder). 


18. Lockhart-Mummery (footnotes 6 and 14). 
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Therapv with ultraviolet rays from a quartz mercury vapor arc lamp 
has for a long time been an important part of treatment of postoperatir e 
and inoperable genito-urinarr- tuberculosis. The older type of air-cooled 
quartz mercury vapor arc lamp, also the newer more powerful variety, 
and the water-cooled quartz mercury vapor arc lamp have been utilized. 
The air-cooled lamp is almost a specific in the healing of sinuses follow- 
ing nephrectomy and epididymectomy for tuberculosis. Similar e.vpo- 
sures over the regions of the bladder and kidneys at regular inten'als 
over long periods are given as a routine in the treatment of urinarr* 
tuberculosis. Since therapy of this kind has been useful externally it 
is reasonable to think that it might have a good effect in the bladder if 
it could be suitably applied. However, we have not been able to employ 
it satisfactorily until recently. 

Caulk and Ewerhardt ' reported treatment by direct internal ultra- 
violet irradiation of the bladder of a patient from whom a tuberculous 
kidney had been removed several years previously and who still had per- 
.‘istent ulceration in the bladder. Using a cold quartz orificial applicator, 
insulated to protect the urethra, they arranged a device to introduce both 
sir and ultraviolet irradiation into the interior of the bladder. They 
stated that as far as they could determine it was the first time that such 
a technic had been attempted. 

few months later we obtained a quartz mercun.- vapor arc lamp 
oi the vacuum discharge type, with a bladder applicator, constructed 
according to our specifications.- The applicator is made of a new 
material produced for physical, photochemical, physiologic and thera- 


From the Department of Urology (James Buchanan Bradv Foundation) Yew 
iork Hospital. 

Read i)eiore the Section on Genito-Urinarj- Diseases of the Xew York 
Acacicmy oi Medicine, 

Lh-av:??^ F. H.: Direct Internal Irradiation of 

vu.a%,olc. to the Bladder. .Arch. Phys. Therapv 13:325 (Tune) 193z 

- 
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peutic cx])crimcntal work and also for study of the “Raman effect.” 
The tube is made of clear fused quartz to transmit the rays readily and 
operates at a little above room temperature. It is said to be practically 
monochromatic, and approximately 85 per cent of the generated light 
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FiV 1 A shows the assembled instrument, consisting of rheostat, cord, catheter 

quartz tube for the passage of the irradiation current. B and C show 
ment disassembled. 


is in the band of 2,537 angstroms. The applicator is about the same 
length and shape as a Brown-Buerger 

24 French in diameter. There is an e.'ctra tube bui t q 
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OTth a circular opening or eye at the distal end and with a rubber tube 
attached to the other extremity. The tube is for the purpose of cathe- 
terizing the bladder. After the bladder is emptied air is insufflated 
through the tube to distend the organ slightly before irradiation. Fol- 
lowing the treatment an instillation can be made through the tube if 
desired. The applicator, except at the distal end, is smeared with sterile 
petrolatum to prevent the irradiation of the urethra, and sterile liquid 
petrolatum, which permits the passage of the rays, is used on the part 
that enters the bladder. The instrument offers a simple and practical 


rViSas'.st tiki'xK 



Fig. 2. A sagittal section of the bladder and urethra with the instrument in 
place and the bladder distended with air for the dissemination of irradiation in 
the diseased bladder. 


"leans of irradiation of the interior of the bladder. The bladder can be 
emptied, then distended with air without pressure and irradiated at one 
operation and with little discomfort to the patient. The applicator 
Pa--;ses through the urethra easily and can be used equally well in either 
1":^ e or female patient. Exposures up to thitty* seconds have thus far 
ecn used, depending on the reactions elicited. The reactions are of a 
^nsitor>- character, lasting for a few hours. 

diiif recei%-ing internal treatments. In four the con- 
rmd • 'T’' improved, in four others slightlv improved, 

- three there is no improvement. Several have badlv dama-ed 
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bladders o^Ying to extensive involvement, which ofifers a severe test for 

any form of therapy, lo show tlie kind of patients treated the series is 
briefly described. 


G\.sk a Avoiiiaii, aged 22, married, weighing 74.1 Kg., had tuberculosis of 
llic riglit ankle in cliildliood wln’cJi healed after a year. About two and a half 
years ago, following childbirth, she began to have urinary frequency, hematuria, 
Iiain in the bladder and burning on urination. A right nephrectomy for tubercu- 
losis was done on Aug. 12, 1931. The wound healed in two weeks. The urinary 
frequency has persisted day and night with pain in the bladder. The urine still 
contains acid-fast bacilli in catheterized specimens. The capacity of the bladder is 
30 cc., the walls arc trabeculated, there are ulcerations at the neck and on the 
right side, and the right ureteral opening is atrophied (the left is apparently nor- 
mal). The patient has been treated for five months with intravesical irradiation, 
and there has been marked improvement. The urinary frequency has lessened, 
and the pain in the bladder has diminished. 


Cask 1 . — A woman, aged 25, married, weighing 47.8 Kg., had tuberculosis of 
the lungs in 1924, which was arrested after a year in a sanatorium. Three years 
ago urinary burning and frequency developed. A diagnosis of bilateral inoperable 
renal tuberculosis was made. A year later the left kidney suppurated, the general 
condition became grave, and a nephrectomy was performed as an emergency 
measure to prolong her life. The wound healed after nine months. The urinary 
frequency was lessened, but continued, with pain in the bladder. Urine taken 
from the bladder reveals acid-fast bacilli. She has received irradiations to the 
bladder for about five months, although she has been somewhat irregular in her 
attendance at the clinic. There has been a slight improvement in the symptoms. 


Case 3. — A man, aged 30, married, weighing 70.8 Kg., had pain in the right 
lumbar region in April, 1929, which became more severe and was accompanied 
by a high fever. A right nephrectomy for tuberculosis was done at another 
hospital in April, 1929. He felt well until May, 1932, when a sinus developed 
in the scar of the nephrectomy which still drains rather profusel}'. A few months 
later he noted urinary frequency and was referred to our clinic for treatment. 
The interior of the bladder shows a little roughening of the mucosa at the fundus 
and slight injection of the trigon. There are acid-fast bacilli in the urine. He 
has a pulmonary lesion which is apparently inactive. Because of the unusual 
history of the sinus and its atypical character, roentgenograms were made of the 
spine in the lumbar region which revealed spinal caries. It is believed that the 
sinus is due to the caries, and the patient is now receiving orthopedic care. The 
bladder has been irradiated for three months and the urinary symptoms are slightly 
lessened. 


Case 4.— A woman, aged 28, married, weighing 51.9 Kg., became pregnant m 
1922 ; at the fourth month general edema developed. Her phj'sician diagnosed the 
condition as a “pus kidney,” and a therapeutic abortion was done. Shortly after- 
ward urinary frequency occurred, which gradually increased in severity. A right 
nephrectomy for tuberculosis was done in May, 1930. Since then the patient has 
had slight urinary frequency and pain on urination. The disease seems to be 
of a relapsing type, as there are periods of almost complete relief which are 
broken b)' a recurrence of marked S3'mpfoms. The urine contains a large amount 
of pus and acid-fast bacilli. There is a mild thyroid disturbance at times. She 
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has received irradiation for three months, and the_ condition is improved: however, 
the remittent nature ot the disease presents diflirulties in determining the con- 
dition. 

Qse 5.~A woman, aged 22, unmarried, weighing 4S.7 Kg., had tui)erculous 
peritonitis in 1924, and after several years of hygienic care had no further symp- 
toms. Since 1930 she has had pain in the region of the kidneys, mostlr on the 
right side, with urinary frequency and burning. The condition was diagnosed as 
inoperable bilateral renal tuberculosis. The capacity of the bladder is laO cc., and 
the interior is essentially normal except for reddening around the left ureteral 
opening, below which there is a red bleb. The bladder has been irradiated for lour 
months, and while there has been occasional temporary lessening of pain after 
the treatments, the condition has not improved. 

Case 6 . — A woman, aged 24. unmarried, wcigliing 50.2 Kg., had tuberculosis of 
the lungs in 1928, which apparently became arrested after seven months in a sana- 
torium. There has been an extensive pustular acne for the last two years. Pus 
in the urine was discovered four years ago. Urinarj' frequency, both day and 
night, and pain in the back developed a few months after finding pus in the urine. 
The patient lost Aveight and strength, A right nephrectomy for tuberculosis A\'as 
periormed at another hospital on June 6, 1932. She Avas subsequently referred to 
Our clinic suffering with urinarv- frequency, pain in the bladder and occasional 
hematuria. She has received internal irradiation for two months, and the condition 
has improved. 

Case 7. — A woman, aged 25, unmarried, Aveighing 42.5 Kg., began to liave 
urinary frequemy in 1928. It became more severe, and the right kidney was 
removed for tuberculosis on Xov. 14, 1930. The frequency continued and an 
ulceration in the bladder underwent fulguration several times without lasting 
results. Tuberculosis of the lungs developed in 1931, which became quiescent after 
a year of rest, diet and fresh air. The urinary symptoms persisted. The bladder 
IS extensively diseased ; the capacity is 30 cc., and there are numerous trabeculations 
and disseminated ulcerations, particularly in the regions of the ureteral openings, 
nternal irradiation has been gir'en tor four months, with definite symptomatic 
improvement. 


Case 8. A woman, aged 40, married, weighing 66.8 Kg., has had pain in the 
a der before urination, great urinaiy frequency- and pain in the kidneys and 
3 ong the urethra since 1924. She has been treated by numerous physicians and 
at seieral hospitals without relief. Endoscopy showed ulcerations of an odd villous 
api>earance along the urethra. Cystoscopy shoAved the same productive form of 
cerations^ within the bladder, Avidely distributed and somewhat ecchymotic. The 
^pacitj of the bladder is about 30 cc. The lesions are not definitely characteristic 
J tu erculosi.s. Many remedies and i-arious therapeutic procedures have been 
per’ relief. Internal irradiation for five months has not given 

i’oT ^ relief. Recently longer irradiation, up to thirty-five seconds, of 

^ 1 urethra and bladder, followed hi- an instillation of 1 ounce (28.34 Gm.) of 

svm'f similar to oil of cajuput in olive oil, have afforded 

' omatic relief for from twenty -four to thirty-six hours after treatment. 

pJwrUv 59.8 Kg., at the age of 13 had 

^Amoved r' ®P“5ion: aspiration was periormed and a large amount of fluid 

■'a *0 bladder ""'i ^ D^^ing June, 1931, pain occurred 


was treated for five months in a sanatorium for tuberculosis, where 
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it was dctcrminccl that there was no pulmonary involvement. A right nephrectomy 
for tuberculosis was performed on June IS, 1932, at another hospital, and the 
wound healed in fifteen days. The urinary frequency and pain in the bladder 
continued, and she was referred to our clinic. The capacity of the bladder is 110 
cc. ; the left ureteral opening is enlarged, the right ureteral opening is not visible 
and there is an irregularly' shaped ulcer of dull appearance above the region of 
the right ureteral opening. The patient has received internal irradiation for about 
five months and there is a little improvement. 

Cash: 10. — .-\ woman, aged 32, unmarried, weighing 61.1 Kg., had hematuria 
ill February, 1924, followed by urinary frequency and pain in the bladder. A right 
nephrectomy for tuberculosis was performed on Nov. 21, 1924, at another hospital. 
After two years of treatment with rest the symptoms disappeared. Urinary fre- 
quency recurred in 1930, and later she was referred to our clinic. The capacity 
of the bladder is 75 cc,, the right ureteral opening is not visible, the left is 
distended and distorted and there is extensive trabeculation with widespread ulcer- 
ated hemorrhagic areas. The urine is turbid, and there is macroscopic evidence 
of blood and considerable pus. Interna! irradiation for five months has made 
little if anj' change, except a temporary lessening of the sj'mptoms. 

Case 11 . — A woman, aged 47, married, weighing 81.6 Kg., at the age of 9 
had a disease of the bone in the left forearm, apparently tuberculous, which healed 
after a year. In 1925 urinary frequency developed, with pain in the bladder and 
general debility. A right nephrectomy for tuberculosis was performed a year 
later, and the wound healed in a short time. The urinary frequency continued for 
two or three years, then subsided; fulguration was used twice for the ulcerations 
in the bladder. Since then the only symptoms have been occasional pain in the 
bladder and a slight intermittent urinary frequency. The capacity of the bladder 
is 230 cc., and the wall is essentially normal except for a little redness around 
the left ureteral opening. She has received internal irradiation for six weeks, and 
there has been some improvement. 

COMMENT 

It is apparent that no attempt was made to select the patients to 
receive the irradiation, as many have lesions in the bladder which are 
very extensive and function is probably partially crippled. No conclu- 
sions can be drawn from so small a series, but it would seem that post- 
operative treatment of this kind is indicated after a nephrectomy in 
patients with small lesions in the bladder that are not of long standing. 
Fresh air and therapy with a quartz mercur}^ vapor arc lamp hasten the 
healing of external lesions, and there is reason to believe that similar 
results should follow the same treatment of internal lesions. Even in 
widespread involvement of the bladder several patients haw thought 
that there was lessening of sensitivity in the bladder. This form of 
therapy seems better tolerated than any other local treatment that we 
have tried. The applicator was planned with the thought that there 
must be as little local disturbance as possible, and it seems successful 
in that respect. Patients who have received external therapy with a 
quartz mercury vapor arc lamp are usually willing to try the treatment 
internally. 
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It has been suggested that irradiation might have some field 
ot iisetulness in urolog}* other than in the treatment ot urologic tuber- 
culosis. Eightr'-five per cent ot the generated light is said to be in the 
band of 2,537 angstroms, which is considered bactericidal. A patient 
with chronic posterior gonorrheal urethritis is now being treated and it 
is hoped to treat a sufficient number with a similar infection on which 
to base worth-while conclusions. 

Caulk and Ewerhardt noted the disappearance of an infection br* 
colon bacilli in their patient after four periods of irradiations. Other 
obsenxrs have reported that the use of a quartz mercur}- vapor arc 
lamp is effective against colon bacilli. We have not yet begun treatment 
of patients with such an infection. 

COXCLUSIOXS 

1. The instrument we have used seems to be satisfactory for empU'- 
ing the bladder, introducing air and irradiating the wall of the bladder. 
In the series of patients treated the results have been encouraging and 
warrant further trial of the procedure, 

2. This instrument may also be utilized to treat sinus tracts caused 
by tuberculosis in any part of the body. 

899 Park .Avenue. 

126 East Sixty-First Street. 



TRAUMATIC VASOSPASM 

A STUDY OF FOUR CASES OF VASOSPASM IN THE UPPER EXTREMITY 


EDWIN P. LEHMAN, iM.D. 

UNIVEKSITV, VA. 

Disturbances of the sympathetic impulse in the extremities are still 
too little understood. From time to time reports of conditions suggesting 
dysfunction of the sympathetic system aflecting the blood supply reach 
the literature. The clinical expressions of sympathetic dysfunction in 
any group of cases are apt to be variable and difficult to correlate. Among 
the array of conditions in which hyperactivity of the sympathetic system 
can he descried, traumatic vasospasm may be picked out as a more or 
less definite entity. Individual instances of traumatic vasospasm are 
so different from each other in their details that the total clinical picture 
is not easy to visualize. They have two factors in common; (1) trauma, 
usually received at some time considerably earlier than the patient is 
seen, and (2) evidence of vasospasm. Confusion arises because one 
often sees additional disturbances of somatic sensor}^ and motor function 
as well as so-called trophic changes. These disturbances are sometimes 
bizarre in that they hear no anatomic relationship to the injury or to 
the area affected by arterial spasm. Some patients present an extraor- 
dinary variety and intensity of disturbances ; in others none may be 
present. Their relationship to or identity with hysteria is usually debat- 
able. The reaction to treatment in individual cases is correspondingly 
irregular. Until a much larger number of these curious conditions are 
recorded in detail knowledge of them will remain defective. For that 
reason I am reporting four cases of sympathetic disturbance following 
injury, all of which can probably be classed as traumatic vasospasm. 
Attention may be called to a contribution by Morton and Scott ^ in 
which these and related conditions are discussed in full. 

REPORT OF CASES 

Case 1. — Superficial Woiiud of Palm. — hifecfioii. — Vasospasm of five months 
duration. Unanatomic sensory disturbance. Loss of forearm motor pozver zvith 
spastic state of muscles. Rapid complete recovery follozving fever. 

W. A. M., a white man, aged 28, a laborer, entered the hospital on Aug. 20, 
1930, two weeks after a superficial laceration in the palm of the right hand. At 

From the Department of Surgery and Gynecology, Universitj^i^ .Virginia 
School of Medicine. 

Abridged from a paper read before the Ohio County Medical Society, Wheel- 
ing, W. Va., April 14, 1933. 

1. Morton, J. J., and Scott, W. J. M.: Some Angiospastic Syndromes in the 
Extremities, Ann. Surg. 94:839 (Nov.) 1931. 
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, . 1 . TKrp<> later the hand became swollen and painful, 

b^t^^ stnrwoTked°fOT°thre more days, and then went to bed and applied poultices 
for about a week. The wound in the palm was then opened by his local 
The operation was followed by an evidence of spreading imection, including 1. mp 
angitis, and he was referred to the hospital. Under nitrous oxide anesthesia the 
midpalmar space was drained with prompt and apparently complete recoverj. He 


wA discharged tour days later. 

‘.ihe wound drained for a period and then healed. When attempting to use the 
hand, the patient found much weakness in the fourth and fitth fingers wi* diminu- 
tion in sensation in this area. The scar was painful. He noticed “poor circulation 
in the right arm which felt “hea^T and dull.” He also noticed that it was cooler 
than the other hand. There was no pain except on movement.^ Exposure to cold 
caused numbness of the inner half of the hand. He was readmitted to the ho^pita 




Fig. 1 (case 1). — Chart of sensorj- changes in the right hand. Xote the rela- 
tion of the wound at the center of the area of hyperalgesia to the sensory loss. 
^<ote also the fact that the sensory loss does not correspond to the distribution of 
the peripheral nerves. Complete return of sensation is indicated four days after 
a short period of fever. ' The shaded areas indicate marked hypesthesia and hypal- 
gCiia; the stippled areas indicate moderate hypesthesia and hypalgesia; the black 
areas indicate hyperalgesia. 


on Jan. 13, 1931, with the diagnosis of a vasospastic state following trauma and 
inicction. 

-1. general examination made at this time revealed no abnormalities. Local 
examination showed markedly decreased power in the right hand, especially in the 
nr and lourth fingers, with a healed scar in the palm or the hand. The patient 
'•e d the th^l, fourth and fifth fingers in semifle.xion. Sensorx- changes which 
'ere unTinatomic, are shown in figure 1. The hand was bluish, cold and moist, 
lerc was some atrophy of the subcutaneous tissues and skin. The flexor mu=cles 
i..e lorearm were in moderate spasm, particularly on the ulnar side, suggening 
refic.v spasm” of Weir Witchell 



AJ j-m-mcrsiori 


• nates 


^ ^7 00 33 ofc 3 , W .5 >,8 5/ 5 h 

Fig. 2 (case 1).— Curve for surface temperature of the hands following immer- 
sion for three minutes in water at O C. There is a marked delay of the diseased 
hand in reaching the control temperature. Compare with figure 4. 


\ /7 \ re \ /9 


Fig. 3 (case 1). — This chart illustrates the progressive increase in strength of 
the diseased hand during six successive days. On Januar}^ IS typhoid vaccine was 
given, and on January 16 the patient had an infection of the upper respiratory tract 
with fever. From that date on strength increased from 55 to 80 per cent of normal. 
The upper graph shows the oral temperature; the shaded areas indicate the 
ergometer readings on the diseased hand ; the white areas, the readings on the 
normal hand. 
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T i:; the surface temperature reactions to immersion m ice-water 

On Jan Id, 1931, the t" ? return of the surtace 

vious level of surface temperature in about one hour. _ 

Fifteen minutes later mixed t>-phoid vaccine, 25,000.009 
intravenoudv There was no effect on the body temperature. One hour and 
thS- mmuies after the injection the grip in the right hand su den^ 
approximately normal in strength; movements became tree, 

flushed. This curious reaction disappeared in fifteen minutes, and the hand returned 

to its previous condition. . . 

The follou-ing day an acute cold with a rise in temperature to a maximum ot 
101.8 F. developed. The fever lasted twenty-four hours (fig- 3). From the onse 


3?C 


PIOHT 



Fig. 4 (case 1). — Response of the two hands to immersion in ice-water four 
cay- after the fever. Compare v.'ith figure 2. The curves are now almost identical. 
On this date (Jan. 20, 1931), sensory changes had disappeared, and strength had 
>i^tn from 55 to 80 per cent oi normal. 


■ this {e\cr the patients hand began to improve. The grip increased; the color 
•tcame pink, and the neurologic changes disappeared. 

grip ergometer was first used on the day of the injection of 
_^ptoid vaccine. progressive increase oi strength in the hand is shown, as 
diagram superimposed on the temperature curve (fig. 3). The 

detect 01 20 points, shown four days later, may perhaps be ascribed to the 
‘•ttf’-pny 01 Oisuse. 

the onset of the fever the surface temperature of the two 

oc equally prompt reactions 

• Oi the occasion no pam was caused by exposure to cold. A third test 
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SIX days after tiic second sliowed a similar curve. A sensory examination four 

days after the fever showed the hand to be normal, except for a slight hyperesthesia 
around the scar (fig. ]). 

The patient was discharged from the hospital two weeks after admission with 
an apparently normal hand except for a slight weakness of the grip. On March 6, 
1933, over two years following treatment, he wrote; “My hand is all right except 
tlic little finger. In cold weather it bothers me some.” 

Ihe patient was seen in June, 1933. An examination showed equal and excellent 
power in the two hands and no differences in color, moisture or surface tempera- 
ture. The little finger tends to become numb on cold mornings. The patient is 
capable of continuous hard manual labor and has been so since his discharge from 
the hosiiital. 

lliis patient Jiad a ioss of motor function, unanatomic hjpesthesia, 
coolness, blueness and moistness of the right hand, lasting nearly five 
months. The vasospasm was temporarily released following an injection 
of typhoid vaccine which gave no primary constitutional reaction and 
permanently released after a fever of twenty-four hours’ duration. With 
the release of vasospasm, motor power promptly returned and clearcut 
unanatomic sensory changes disappeared. At the outset the neurologist 
who saw this patient in consultation inclined to a diagnosis of hysteria. 
It is hardly probable, however, that the objective records of response 
of surface temperature to cold could be so logically produced by hysteria. 
Further comment on this point is made subsequently. It must be noted 
in passing that an earlier diagnosis would have saved this man nearly 
five months of pain and uselessness and his insurance company a con- 
siderable sum of money. 

Case 2. — Injury to palm with tendon division and immediate suture. Unsatis- 
factory tendon healing. Slight vasospasm. Loss of motor potver in adductors 
of thumb. Spastic state of flc.vor muscles of forearm. Unanatomic hypesthesia 
of finger. Artificial fever induced. Strength of thumb adductors nearly tripled. 
Fle.vor spasm released. Reaction to cold improved. Patient still under treatment. 

W. E. T., a right-handed white farmer, aged 46, was first seen in the outpatient 
department on Jan. 3, 1933, with an incised wound of the distal portion of the 
palm of the left hand, severing the flexor tendons to the middle finger. The inter- 
phalangeal joints of the first finger were ankylosed from an old injury. A longi- 
tudinal incision was made over the course of the tendons which were sutured. The 
wounds healed cleanly. When last seen in the outpatient department on Jan. 28, 
1933, it was noted that there was practically no motion in the middle finger. 

I first saw the patient on March 8, 1933. At the time he was complaining of 
almost complete disability of the left hand, without pain. An examination showed 
the scar of the operation and the scar of the original injury (fig. 5). The hand 
was slightly blue, cool and moist as compared to the right hand. There was no 
difference in the radial pulses. Extension at the metacarpophalangeal joints of 
the hand was limited by about 15 degrees. Flexion at this joint was possible to 
almost a normal amount. In the forefinger motion was limited by the old ankylo- 
sis. In the middle finger there was no flexion at the distal joint, suggesting proba- 
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We separation of the sntare line of the deep tendon, f 'Jv 

teLns There was great weakness of the adductors of the thumb with atrophj 
in this area. There was hr-pesthesia to pin-prick over a portion o. e pa ma 

surface of the middle finger (fig. 5). r < r •r.-rA 

In addition to the abnormality in the tendons ft was felt Jat this ^ ' 

rented evidence of traumatic vasospasm, and he was admitted to the o..p 


SLUU>. , , _ 

Immersion of the two hands in ice-water showed a marked delay m the return 
of surface temperature in the left hand (fig- 6). An ergometer devised by the 
department of physiologi' for measuring the strength of the adductors of the thumb 
showed that on the left side these muscles had 20 per cent of the strength of the 
corresponding muscles on the right side (fig. /). The patient was then ^'t’cn 
50,000,000 killed typhoid bacilli intravenously, with a slight rise m the body tem- 
perature (fig. 7). During the course of this slight fever the streng^ o 
adductors was almost doubled. The following day a similar dose o^ / 5,000,000 



Fig. 5 (case 2). — A, sensory loss preceding, and B, following, induced fever, 
N’ote the unanatomic distribution of sensory loss and its almost complete disap- 
pearance three days later, following the induced fever. Note that neither the acci- 
dental, a, nor the surgical wound, b, could involve the motor fibers to the adductors 
of the thumb. The degree of hypesthesia is shown by the intensitv- of the stippling. 


organisms was given (fig. 7), following which there w'as a chill and a maximum 
oral temperature of 103.4 F, During the course of this fever the strength of the 
ad uctors went up from V-A pounds (0.7 Kg.) to 2)4 pounds (1.2 Kg.), almost 
triple the strength of these muscles on admission. The morning after this fever, 
" len the temperature was again approximately normal, a remarkable change was 
0 ):crved m the hand. The hj-pesthesia of the finger had almost completely 
'^appeared (fig, 5), and the limitation or extension was gone. The latter had 

^ contraction of scar tissue, but this observation 
v.!.:'?' '"'‘f '' muscular spasm in the forearm or hand 

"r' paralysis. In addition the response of the 

s-'^rovi immersion of the hands in ice-water showed a definite 

ik f >» 'i-t ^ „orm.i (%. ai. 

01 the adductors had retnmed almost to the original level (fig. 7). 




9& 



Fig. 7 (case 2). — Ergometer readings (thumb adductors) plotted against oral 
temperature in induced fever. Note that with the slight rise in temperature on 
March 9 the pull of these muscles is increased 75 per cent and that at the height 
of the fever on the next day it is. increased 175 per cent. On the third day it 
remains 50 per cent above the original level. A, chart for temperature following 
intravenous inoculation with 50,000,000 typhoid bacilli. B, chart for temperature 
following inoculation with 75,000,000 typhoid bacilli. The shaded areas represent 
the ergometer readings for the diseased hand ; the white areas, the readings for 
the normal hand. 




Fig. 8 (case 2). — Curve for surface temperature of the fingers of the right and 
left hands following immersion for four minutes in water at 0 C. These readings 
were made twentj'-four hours after a rise in temperature following inoculation 
with tj-phoid vaccine. Note that the curve for the diseased hand approaches that 
for the normal hand on the day following the induced fever (March 11, 1933). 
Compare with figure 6. 



'’“'■u iollo.ij i„„5rn'iorihr"“ • “■ right and Wt 
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The patient was discharged from the hospital and instructed to return for physical 
tlicrapy, consisting of massage and diathermy. He was to report for further 
study and decision on exploration of the tendons. 

Nearly two months later after many efforts, the patient was brought back 
to the hospital. An c.xamination showed no further evidence of the changes which 
had been observed on his first admission, except that the forefinger and the middle 
finger were in the original condition. The hand was no longer blue, moist or 
cool, there were no sensor}' changes, and the strength of the adductors was equal 
to that of the adductors of the normal hand. Atrophy was completely absent; the 
thenar eminences were equal in A'olume. As softening of tlie operative scar per- 
mitted more adequate palpation, it appeared likely that the tendons were tied up 
in scar tissue rather than separated. A chart of the reactions to cold water Avas 
obtained (fig. 9), showing still a slight delay in the return of surface temperature 
on the invoh'cd side. 

The most striking observation at this time was that the patient found his hand 
entirely useful and did not want to consider the problem of operation on the ten- 
dons. In other words, the most disabling portion of his disturbance in function 
was the portion resulting from vasospasm, in spite of the fact that the flexion of 
one finger was entirely lost. Unquestionably a part of the explanation for this 
phenomenon lay in the fact that he had previously accustomed himself to an 
ankylosed forefinger so that the additional loss of flexion of the adjoining finger 
was relatively unnoticed. 

When the patient was seen last on June 16, 1933, there was beginning subluxa- 
tion at the proximal interphalangeal joint, owing unquestionably to the pull of the 
interossei. It is probable that the patient should now have exploration of the 
tendons, although I should be disposed to repeat the artificial fever once more 
before operating, in view of the recent reaction to cold. 

There is little doubt that this case represents a degree of sympathetic 
irritation, with vasospasm and sensory and motor disturbances com- 
parable to those seen in case 1. The time of onset of the sympathetic 
symptoms is not clear. The question may be raised as to whether dis- 
turbances in healing of the tendon after suture may not have been due 
to early circulatory disturbance from this underlying sympathetic mal- 
function. Certainly it seemed meddlesome to attempt ordinary repara- 
tive surgical procedures on this crippled hand until all evidence of 
sympathetic disturbance had been removed. The degree to which sym- 
pathetic dysfunction alone can cripple an extremity is particularly 
emphasized by this case. The hand was useless to the patient while 
vasospasm was present and became entirely useful when vasospasm was 
absent, in spite of the fact that hvo fingers remained without flexion at 
the interphalangeal joints. 

Case 3. — Superficial puncture zvound of the clbozv. One month later, increasing 
azvkzvardness and zc/eakness of the hand zoitJi sensation of coolness. Hand objec- 
tively pale and cool. No vasomotor studies. E.vcision of chronic inflammatory 
nodule over olecranon. Complete relief of symptoms. Pathologic report: chronic 
inflammation zuith perivascular infiltration. 

In A. R. P., an unusually intelligent and well educated white woman, aged 45, 
a rose thorn penetrated the right elbow just below the olecranon. An immediate 
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unsuccessful search for a foreign body in the skin was made by a physician, with 
the aid of a lens. IJic spot of entrance of the thorn remained tender, and a nodule 
developed. 

1 he patient was a successful author who set herself a regular task of composi- 
tion for four hours daily. She was right-handed and did not employ the type- 
writer or dictation. She was seen about four weeks after the injury. 

Recently the hand had not felt normal. It had been somewhat awkward and 
had tired easily. It felt cold. The patient e.vpressed it by saying “it feels as 
though the circulation is not right.” 

The examination showed at the point of injury, a small, slightly tender black- 
dot in the skin that could barely be seen. Underlying this was a nodule about 
3 mm. in diameter. There was no redness or heat. The right hand was slightly 
paler and cooler than the left. Ro objective observations as to surface temperature 
were made. 

A diagnosis of sympathetic vasospasm from perivascular irritation from a 
foreign body was thougiit possible, and excision of the nodule was advised. 

Under local anesthesia the nodule was excised down to the deep fascia including 
surrounding fat. A small artcr}- was demonstrated entering the area of inflamma- 
tory tissue. This observation is of interest in relation to the possibility of dis- 
turbance of the sympathetic nervous S3'stem. 

The wound healed cleanly. There was practically immediate return of normal 
sensation and function in the hand and arm, which has remained normal since. 
The pathologic diagnosis was ; “section of skin showing chronic inflammation, peri- 
vascular infiltration and vacuolization” (figs. 10 and 11). No foreign body was 
present. 

This case shows in a very minor degree the elements that one must 
recognize as being present in major degree in the other cases detailed. 
There is no proof that this relatively slight disturbance is sympathetic 
in origin or that it may not be entirely explained on a psychic basis. 
The sequence, however, of injury in the neighborhood of a vessel, cool- 
ness and d3^sfunction in the extremity, pathologic demonstration of 
perivascular inflammation, and immediate complete disappearance of 
symptoms following removal of the limited area in which the inflam- 
mation is present, is logical and orderly to a degree. If one assumes, 
then, that this case represents a slighth' developed instance of the con- 
ditions under discussion, it has particular interest from several points 
of view. In the first place, the condition was diagnosed and successfully 
treated at an exceedingly early stage. In the second place, the treatment 
was unusual in that the focus of sjanpathetic irritation could be com- 
pletely ablated. In the third place, the pathologic picture of changes 
that may produce S3'mpathetic irritation is furnished for stud3'. Lastly, 
these pathologic changes are strikingl3' similar to those in the case of 
S 3 unpathetic malfunction about to be presented. 
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C^cE 4— Puncture wound of right forearm. Twelve months of trcalmcnt as 
infection. Complete disability of upper arm, forearm and hand. 

Marked doughy sieeUing. Coolness. Amputatwn considered. Brachial penartc- 

rial sympathectomy. Cure. 

D. E. D., a white schoolgirl, aged 18, first entered the hospital on Feb. 27, 
1929, complaining ol a painful, useless right hand following a wound in the right 
forearm. Four months previously a crabapple thorn had penetrated the ulnar 
border of the right forearm. Two days later the whole forearm^ became red, 
swollen and painful. She had had several incisions with the placing of drains 
after pus was obtained. 

On admission the following description of her condition was made . The 
lower part of the right arm is held by the left hand lor fear of hurting it. The 
patient can move the right wrist only a little, can move the fingers onlj' with diffi- 
culty and has no grip in the right hand. The arm cannot be pronated. There is 
a small draining sinus in the forearm in the middle third from which whitish pus 
exudes. There are induration, swelling, redness, tenderness and local heat sur- 
rounding the sinus as well as halfway to the elbow and wrist. The sinus leads 
down to the ulna, but no bare bone was made out. Xo epitrochlear or axillary 
glands were felt.” 

.\ diagnosis of retained foreign body was made, and at operation two small 
wooden splinters were removed. A roentgenogram showed no evidence of destruc- 
tion of the bone. The patient was discharged on March 3, 1929, and was read- 
mitted on June 10, 1929. The wound of the previous operation had healed. Two 
months later the arm began to turn red, to swell and to become painful at the 
original site. The wound broke open and suppurated. On June 13, 1929, another 
operation for drainage was performed, but no foreign body was found, and the 
patient was discharged on June 16. 

On July 13, she was readmitted without an\' permanent improvement. There 
had been improvement for a time, but the incisions did not heal. Later the arm 
again became swollen and painful. It was noted at this time that the discharge 
trom the wound was bloody serum and not pus. .^n examination showed bluish 
oucoloration of the skin surrounding the two incisions with swelling and tender- 
r.e^s in the forearm in this region, .A. note stated; “The patient cannot fle.x the 
urist or fingers of the right hand. The right arm is lifted with effort and pain.” 
t is notable that at this time her temperature and leukocyte count were normal, 
.e stiffness of the right wrist and hand was ascribed to disuse. 

Persistence of the idea that the continued inflammation and disability were due 
tj a retained foreign body led to a third operation on July 20. At this time the 
-^mus tracts were laid wide open and dissected. Xo improvement followed, in spite 

1 1 '" applications of wet heat, diathermy, massage, roentgen treatment 

ar.iS finally the application of a cast 

26, another area of redness and swelling developed; this was 
t^ViO^i . ' showed inflammation in the fat tissue, including par- 

pathologic changes in this lesion 

TK‘ 


"\'diffc-t?J‘ '3e-'cribed for case 3 (figs. 10 and 11), although 

rom those lound m many areas of chronic inflammation. The patient 


'discharged on September 3, apparently slightlv relieved. 

f- ““ '■> >“ Tte du- 

.iL pratucally compkle. Pain ,vas almost continuous 

- ‘ - se 01 scoatives. The arm was held flexed at an angle of 90 degrees! 
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The forearm was definitely tender over its entire surface. The forearm and upper 
part of the arm to a point inch (1.2 cm.) below the border of the axilla were 
swollen and doughy. Two of the old incisions were healed, and one was only 
partiall}' healed. The right radial and brachial arteries were less easly felt than 
the left. The fingers were somewhat cool. 

At this time the leukocyte count was 8,720 with 65 per cent polymorphonuclear 
leukocytes. All the other examinations including roentgen study of the right arm 
failed to reveal any abnormalities. No objective measurements of surface tempera- 
ture or other special studies were made. 



Fig. 12 (case 4). — Photomicrograph of tissue removed at the fourth operation, 
Aug. 26, 1929. Chronic inflammation and perivascular infiltration. The lesion 
resembles closely that seen in case 3, figures 10 and 11, 


Before I was asked to see the patient it had been felt that the condition was 
hopeless and that she deserved the relief from intense suffering that amputation 
would offer. The condition, however, was suggestive of the rather ill defined state 
which was observed in injuries received in the war and called trophic edema. This 
was usually seen following small penetrating wounds of the type described. Cer- 
tainly the choice seemed to lie between amputation and sympathectomy. 

On September 28, therefore, a periarterial sympathectomy was performed on 
the right brachial artery with the typical primary and secondary physiologic results. 
The postoperative course and the healing of the wound were normal. 

On September 30, the following note was made: “Patient now seems to have 
much better movement of the fingers than before the operation. The arm is not 
so tender.” On October IS, the following note was made; “Flexion at elbow 
normal, extension to 120 degrees. Palmar and dorsal flexion of hand to about 15 
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degrees. The wound is healed.” The hand which had been warm and drj- from_ 
the time of the operation to about this date began to approach the temperature oi 
the normal hand. The measurements of swelling before and after the operation 
showed an average diminution of from 1 to 2 cm. in the circumference of the arm 
in ten days. The patient was discharged on October 15. ^ 

She has been followed by letter and by a single visit- Improvement, begun 
before she left the hospital, was uninterrupted. On March 14, 1930, five and one- 
half months after the operation, her father wrote that the wound had healed and 
the hardness of the arm had disappeared, but that there was still some weakness 
oi the fingers. On March 19, her physician wrote that the movements of the hand 
and arm were normal, that there was no pain, and that she was able to^ use the 
arm actively in housework, the only abnormality being the scars from earlier oper- 
ations. The patient reported in person on June 14, 1932, two years and nine months 
after the operation. Xo abnormalitj' was found except the scars, one of which was 
slightly attached to the ulna. The surface temperatures of the hands were ec^uai. 


This case is illustrative of two points ; first, the serious loss in suffer- 
ing and expense, running through an entire year, tJiat resulted from 
failure to recognize the condition, and, second, the present lack of a 
clearcut conception of the disease from a lack of proper study before 
operation on the sympathetic nerves. The former needs no comment. 
The latter must be strongly emphasized. I have named the condition 
somewhat hesitantly “trophic edema.” It is not at all improbable that 
adequate study would have enabled me to diagnose it with certainty and 
probably to have placed it in the group just presented, namely, that of 
vasospastic states following trauma. Finally, attention must again be 
called to the pathologic picture presented here and in the preceding 
case. Perivascular cellular infiltration was an outstanding element in 
both, furnishing an obvious mechanism for the irritation of sympathetic 
fibers. 


This presentation illustrates several points of importance. In the 
first place it indicates how much information can be gained by a properly 
complete study of these unusual phenomena. With earlier cases, includ- 
ing the instance of trophic edema here reported, an adequate study of 
the sympathetic function of the extremity was not carried out. One 
can nc\er hope to understand the curious sensorv- and motor effects 
t lat may be seen in disabilities of presumed sympathetic origin until in a 
ong senes of cases one can look back at objective records and detect 
some uniformity of behavior in relation to the supposed etiology of 
le condition and to the various forms of treatment e-xhibited Onlv 

Son a recog- 

n' " '''' great a oamber 

«Xa„^,“, “ methods of 

earh stage.. There ,s no doubt that in my own experience 
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in earlier years, a number of ])atients have been allowed to suffer or 
iccovcr slowly without the benefit of a proper diagnosis. It is note- 
worthy that the case of trophic edema herein presented was called to 
my attention with the suggestion that amputation was indicated. This 
jiatient had had more than adequate treatment by ordinary means, faith- 
fully followed out, with no improvement whatever. Today she is well, 
with an entirely useful arm which might easily have been sacrificed four 
years ago. 

One case presented suggests tfie possible relationship between these 
states and the healing of wounds. It is essential that all physicians 
treating accidental wounds he on the alert for vasospastic phenomena 
which may come on slowly following an injury. The cool, blue, moist, 
pcrhajis painful, usually somewhat disabled hand is the danger signal. 
One must not be content with such expressions as the atrophy of disuse 
or splint stiffness until one is convinced that sympathetic impulses are 
not at fault. 

The diagnosis of these sinnpathetic disturbances is not necessarily 
difficult, provided the sympathetic s)'stem is kept in mind. Differentia- 
tion from traumatic neurosis and hysteria is another matter. I am not 
eiitii'ely satisfied that in at least two of these cases the psychic factor 
has received sufficient attention. If anything is meant by traumatic vaso- 
spasm, however, it is probable that these cases should be so classified. 
One must remember that what is now called by this name was included 
by the earlier writers under the blanket term of vasomotor neurosis. ’ 
There is, of course, a psychic element in every injury and disease. 
Recent studies of surface temperature reactions by the newer methods 
have demonstrated more and more clearly the great sensitiveness of 
vasomotor control to emotional stimuli. It may well be that the psj'chic 
factor is predominant in any instance of traumatic vasospasm. Looked 
at from this point of view the importance of differentiation between 
this condition and a pure hysterical reaction diminishes greatly. If 
traumatic vasospasm can be recognized as an entity and can be relieved 
by medical or surgical measures directed toward the sympathetic control 
of the blood supply to the extremity, the psychic element need have no 
more attention than the psychic element in any sick person. 

It becomes necessary, therefore, only to show that a vasospastic 
element is present. In most instances the objective tests, which have 
been illustrated in the cases presented, are sufficient to accomplish this. 
The effect of cold on the volume flow of blood, as measured by the curve 
for surface temperature following immersion in ice-water, is of great 
value. The reaction of surface temperature and the response of symp- 
toms to methods reducing sympathetic activity are of equal value. In 
the type of lesion under discussion the production of an artificial fever 
by typhoid vaccine is, to my mind, the method of choice. Blocking of 
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tlie sympathetic path%Yays by injection of procaine hydrochloride at 
any level ’ivill teach nothing about the relief from pain, recovery of 
sensor}' loss or improvement in somatic motor function. Its usefulness 
is limited to a demonstration of its effect on volume flow and sweating. 
Artificial fever, however, as has been illustrated herein, may furnish 
information of tremendous importance not only as regards the volume 
flow of blood but also in the field of symptomatic changes. In addition, 
in certain cases vasospasm can apparently be permanently released and 
the condition cured by artificial fever. One must, of course, be on the 
alert for the post hoc fallacy. 

Lastly, the methods of treatment of the individual patient must be 
individualized. With methods now available, there is little doubt that 
in the conditions under consideration at least one or two treatments 
with typhoid vaccine should be tried before surgical measures are insti- 
tuted. How individual the treatment may be is illustrated by case 3, 
in which the excision of a small superficial inflammator}' nodule was all 
that was needed. As these cases illustrate, one is not justified in advising 
surgical intervention on the sympathetic system simplv because the 
diagnosis of sympathetic disturbance has been made. 



NEUROFIBROMATOSIS WITH OCULAR CHANGES AND 
INVOLVEMENT OF THE THORACIC SPINE 
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AND 
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NEW YORK 

Pigmentation of the skin and multiple neurofibromas are character- 
istic of Recklinghausen’s disease, but numerous other manifestations 
are seen.^ 

Changes in the bone have been observed in cases of neurofibromato- 
sis. Brooks and Lehman,- Castronuovo,® Camp,^ Camp, Adson and 
Shugrue,® Gould,® Weiss," Adrian,® and Stalmann ° reported cases with 
various associated changes in the bone, including scoliosis, abnormality 
of growth, irregularity of outline, central and subperiosteal cysts, pedun- 
culated subperiosteal tumors and pseudo-arthrosis. 

From the Memorial Hospital. 
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Siegmund^^ reported a case of neurofibromatosis with bony cavities 
of the lumbar and sacral vertebrae lined by herniations of the dura and 
accompanied bv aneuiysmal dilatations of vertebral arteries. 

Ocular changes associated with Recklinghausen’s disease are also 
recorded. Goldstein and Wexler » described a case of melanotic tumors 
of the iris with orbital neurofibromas and called attention to the frequent 
occurrence of orbital neurofibromatosis accompanied by pigmented ne%i 
of the lids, conjunctiva and sclera, hydrophthalmos, buphthalmos, ele- 
phantiasis of the lids and melanosis of the uveal tract and iris. 

The following case presents features of Recklinghausen’s disease 
with extensive medullation of the nerve fiber layer of the retinas and 
changes of the bone in the thoracic vertebrae. 


REPORT OF A CASE 


it. \V., a Jewish youth, aged 14, was referred to the Memorial Hospital in 
March, 1933, fay Dr. H. Hallock, or the Orthopedic Hospital, Orange, N. J., com- 
plaining of discomfort and deformite in the upper part of the back. 

The patient’s father had tj-pical coffee-colored patches in the lower lumbar 
region. paternal aunt had a similar spot over the right shoulder. 

-At birth the boy had what was called a large brown mole on the back. As he 
grew older, various pigmented areas appeared over the body. Development seemed 
to be normal in every other respect. 

Two years before admission to the hospital he began to experience pain in the 
upper posterior thoracic region and lassitude, especially -in the evening. One year 
later his mother noticed a deformite of the thoracic spine. 

Physical examination on admission revealed a fairly well nourished youth. 

.\ special e.xamination of the eyes by Dr. A. E, Reese showed the palpebral 
apertures to be of equal size; the exophthalmometer reading was 19 mm, for each 
e>c. Mo masses were palpable in the orbits. The lids were normal. The extra- 
ocular movements were normal. The pupils were equal and regular ; they reacted 
to light and in accommodation both directly and consensually. Slit-lamp examina- 
tion gave negative results. Ophthalmoscopic examination showed extensive medul- 
lation of the nerve fiber layer of the retina in both eyes. In the right eye the 
medullation completely surrounded the disks and extended into the retina for 2 disk 
diameters above and below, while temporally and nasally it e.xtended onlv 1 disk 
diameter. In the left ej-e there was no medullation of the fiber layer temporally 
and nasally to the disk, but above and below it e.xtended for 1 disk diam eter. The 
c.^aimnation of the fundus of the eyes with widely dilated pupils othenvice gave 
cnurtly negative results. 
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Jlic Ultra-oral cuvity Awwcd poor aiiproximation of the teeth; otherwise it was 
iiornial. Tiicrc was nioclcratc adenopathj- in llic neck. 

Examination of llie chest siiowccl a inarkcclly kcel-like thorax. There was a 
rotation of the iijiiicr thoracic vertebrae toward tl,e right, and a displacement of 
the ribs backward on the riglit. Kyphosis and rigid scoliosis existed in this region, 
riicrc was sliglit tenderness definitely localized over tlie upper dorsal vertebrae. 
An extensive area of jiigmentation was found over the back (fig. ]). Several 
smaller areas of pigment covered the anterior part of the chest and arms. 



Fig. 1. — Note the extensive areas of pigmentation. The right scoliosis of the 
spine can be seen with displacement of the right scapula and ribs backward. 


The heart and lungs were normal. 

The abdomen also was covered with small areas of coffee-ground spots. The 
spleen was just palpable. No other masses were felt in the abdomen. 

Examination of the genitalia showed pigmentation of the glans penis ; the testes 
were normal. Rectal examination gave negative results. 

On the lateral surface of the left hip, at about its midportion, was a small sub- 
cutaneous mass, suggesting a neurofibroma. The legs showed a wide distribution 
of Recklinghausen’s pigment. No other subcutaneous masses were felt over the 
body. 

Roentgenographic studies of the chest and spine showed marked right lateral 
scoliosis of the upper dorsal region. The bodies of the vetebrae in the scoliotic 
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region were wedge-shaped as a result ot slight destruction, and the nb. in th . 
vidnih- showed multiple small areas of diminished density representing destruction 
of bone. All of these findings were in accord with the clinical diagnosis ot neuro- 
fibromatosis. _ . T^ r> . II 

The blood of the patient was studied for its intermedin content by Dr. Russell 

Ferguson. The intermedin was extracted from the blood and injected into Elntze 
fisb°(Phoxinus laevis), which were used as test objects. The blood was found to 


have 334 phoxinus units of intermedin per liter. 

When last seen the patient showed no other changes clinically. He had been 
advised to refrain from strenuous exercise and was under close observation. 



Fig. 2.— Roentgenogram showing right lateral scoliosis in the upper dorsal 
region. The bodies of the vertebrae are wedge-shaped as a result of slight destruc- 
tion. The ribs in the vicinity show multiple areas of rarefaction due to changes 
in pressure. 




Xeurofibromas arise from spinal nerve roots as well as from the 
Itenpheral nerves. They may be intrameningeal or extrameningeal or 
extend along the course of the nerve. The extrameningeal portion mav 
ode through the intervertebral foramen to form extravertebral masses. 

crosioVnf’°n they usually produce massive 

- ot all ot the adjacent bonv structures, 
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ihe bone is involved usually by direct pressure from erosion, and 
the defect observed in roentgenograms coincides with the site of the 
tumor. The roentgenographic changes are usually erosion and thinning 
of the vertebrae and their processes. Change in the contour of the 
vertebrae is a late manifestation. As the tumor increases in size, evi- 
dence of erosion of the ribs is seen. The discovery of a tumor extending 
along nerve roots and penetrating through the intervertebral foramina 
causing changes of the bone in this area should suggest the presence of 
a neurofibroma. 

Mcdullated nerve fibers occurring in the retina have been found 
in cases of Rccldinghausen’s disease. In a study of 12 patients with 
neurofibromatosis, Fischer^- found retinal medullated nerve fibers 4 
times. He is inclined to the view that the incidence of medullated nerve 
fibers in the retina is gi'eater among patients who show definite abnor- 
malities in the central nervous sj'stem or have psychopathic disturbances. 
In a routine examination of the e 3 ^es of 3,250 patients Manz found 
1 patient with medullated retinal nerve fibers, while in an examination 
of 130 inmates of an asjdum he found its occurrence 4 times. 

The retinal medullated nerve fibers appear normal histologically when 
compared with medullated fibers in nerves usually containing them. 

In a personal communication Ferguson stated that intermedin (the 
melanophore-expanding hormone of the pituitary) was found in the 
blood in 8 proved cases of melanoma and 1 case of neurogenic sarcoma 
besides our case of Recklinghausen’s disease. He feels that it may be 
possible to find a fundamental relationship on a quantitative basis 
between melanoma, neurogenic sarcoma and neurofibromatosis. Such a 
finding would lend biologic support to Masson’s theory and help exclude 
from this relationship tumors which do not arise from the chromatophore 
cells of the nerve sheaths or end-organs. 

This case emphasizes the vertebral changes and ocular findings which 
may be associated with neurofibromatosis.' The finding of intermedin 
in the blood is of interest and may lend biologic support to Masson’s 
theory of the association of the chromatophore cell in the nerve sheaths 
and end-organs with Recklinghausen’s disease. 

12. Fischer, H. : Contributions to Recklinghausen’s Disease; Anomalies of the 
Eye, Particularly the Medullary Nerve Fibers of the Retina, Dermat. Ztschr. 42: 
143,’ 1924-1925. 

13. Manz, quoted by Fischer.^- 

14. Ferguson, R. S., and Hilderbrand, G. E. : Preliminary Note on the Occur- 
rence of Intermedin in Melanoma and Related Conditions, Am. J. Cancer, to be 
published. 
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The retroperitoneal tissues above and below the kidney may be the 
seat of a variety of tumors, which may be benign or malignant, cystic 
or solid. It is general!)" assumed that benign tumors and cysts occur 
more frequently than do malignant growths, and that solid tumors are 
more commonly seen than the cystic type. 

Gobell (1901) collected reports from the literature of 101 cases of 
retroperitoneal tumors, which he divided into the following groups: 

Cases 


Benign retroperitoneal growths 43 

Malignant retroperitoneal growths 32 

Either tj’pe of retroperitoneal growths 14 

Retroperitoneal cj-sts 12 
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No case of retroperitoneal lymphangioma is found in Gobell’s collection 
of cases. 

Mauclaire (1910) studied tumors of the retroperitoneal space and 
described about the same varieties as Gobell did. ^lagoun (1919) 
reported a series of 73 retroperitoneal tumors, 53 of which were 
operated on, 29 proving malignant, while 18 were benign; the nature 
of 6 was not determined. Having recently had the opportunity' of 
studying a rare type of retroperitoneal tumor we report the following 
case : 


REPORT OF A CASE 

Hwiory.~Mrs. J. \y., aged 59, referred by Dr. R C. Brown, was admitted to 
t It resbyterian Hospital on Oct 14, 1928. The patient gave a historj- of nocturia 
and tntld frequencj" about eight years before admission. Since then she had had 
an ache m the right upper quadrant of the abdomen. Various phvsidans told her 
im sbe had an enlarged right lobe of the liver. She had never had jaundice or 

several years, she had felt a 
ethane mass under the costal arch. When she was on her feet the mass felt heavy 

Genito-Urina.. 
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and dragged down sonicwliat. Siie l,ad been told tiiat she had liver trouble and 
line! been plnccd on vnrious clictHry rcginiciis. 

For an indefinite period the patient bad also felt a strain or ache or pulling in 
the right flank. Several \ycek-s before admission she experienced a feeling of strain 
that ran down the right side, across the inguinal region to the groin and down the 
right leg on the medial side. 

Urinary symptoms were absent, but tbe patient had been troubled with con- 
stipation. 


Physical E.vaimmliou (by Dr. R. C. Brown). -The head, neck, heart and 
lungs were normal. Examination of the abdomen revealed a firm, smooth, globular 
mass which almost filled the entire right upper quadrant, projecting down from 



Fig. 1. — Roentgenogram of the right side, showing moderate hydronephrosis 
with marked dilatation and clubbing of the calices. 

under the costal arch. The lower border was on a level with the umbilicus, 
extending almost to the midline. On deep palpation the mass moved down in 
such a way that it became readily palpable bimanually. Some tenderness was 
present over the lower pole of the mass. The liver, spleen and left kidney were 
not palpable. The genitalia were normal. Examination revealed normal reflexes. 

Laboratory Observations.— A blood count showed: red blood cells, 5,130,000; 
leukocytes, 8,800, and hemoglobin, 84 per cent. The blood pressure was 124 s 3 'stolic 
and 80 diastolic. Urinalysis showed 310 leukocj'tes per cubic millimeter of fluid 
from the bladder, 260 from the right kidney and none from the left kidney. 
Cultures were sterile, and inoculations of guinea-pigs gave negative results for 
tubercle bacilli. A roentgen examination on October 15 revealed no change in 
the bones and no calculi. A cholecystograni revealed a normal organ. 

Cystoscopy disclosed a normal bladder. The left ureter was catheterized with- 
out difficulty or obstruction. On the right side the catheter met an obstruction 
about 2 cm. from the orifice, which was overcome with some difficulty. 
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A pyelogram of the right kidney showed moderate hydronephrosis, with marked 
dilatation and dubbing of the calices (fig. 1). A pyelogram of the left kfdney 
showed it to be normal. 

Course . — From the findings a diagnosis of tumor of the right fa'dney was made, 
and operation was advised. 

Xephrectomy on the right side was done by one of us (H. L. K.) on October 
26, with ethylene-ether anesthesia. There was an uneventful convalescence and 
the patient was discharged from the hospital on Xovember 16, 

Examination of Specimen (W. G. H.). — The gross specimen consisted of the 
upi^r and medial two thirds of the right kidney to which %vas attached, laterallv and 
to Its lower pole, a firm semispherical, encapsulated mass measuring S.S by 11 bv 
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Tlic tumor tissue, wherever it was cut, consisted uniformly of hundreds of 
separate cysts witli firm, thin, grny walls, which varied in size from 2 to 10 mm. 
in diameter. The cysts generally contained clear pale brown fluid, but in isolated 
places, after fixation with a solution of formaldehyde the content appeared as a firm, 
clear, gelatin-like substance which occasionally, in its center, contained a homo- 
geneous opaque, yellow-brown material. In a few places in which the capsule was 
not adherent, the cj'sts occurred in clusters of eight or ten. They extended from 
the main mass of the tumor, which was firmly compressed within the rigid cap- 
sule. The cysts were not present anywhere within the substance of the kidney. 

Microscopically the tumor consisted of simple cysts of many sizes. All the 
cysts were lined with a single layer of flat, broad endothelium and contained 
lymph (fig. 4). The endothelial cells were more than one layer thick only in 
isolated places. These places were at the site of a clump of smaller cysts, evidently 



Pig_ 3. — The thick capsule of the tumor is made up of hundreds of separate 
cysts with a firm, thin, gray wall. 

at a point of compression by adjacent cysts. The amount of lymph in the com- 
pressed cyst was scant, and the hyperplastic endothelium was in the recesses of the 
cyst and consisted of stratified cuboid endothelium proliferating centrally into the 
cyst from the cells of the peripheral lining. 

The walls of the larger cysts were thin, so that the space between the endo- 
thelial lining of the adjacent cysts was a delicate band of fibrous reticular tissue. 
Elsewhere, however, the endothelial linings of adjacent cysts were separated by 
dense fibrous reticular tissue in which blood vessels were sparse. In places this 
fibrous reticulum occupied all of a low power field, and its central portion showed 
few nuclei, with compression atrophy, degeneration of hyalin and isolated deposi- 
tion of calcium. 

The entire tumor mass, which consisted of lymphatic spaces, was separated from 
the kidney substance proper by a capsule of dense fibrous tissue (fig. 5). Occa- 
sionally the capsule retained isolated renal tubules which were in v^arious stages 
of atrophy. 
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III tlic kidney, wlicrc tlie tninor had compressed it was a dense infiltration of 
lymphocytes. The renal substance adjacent to the capsule of the tumor was 
•itrophic, the tubules stained poorly, and many glomeruli were hyalinized. This 
change of the renal tissue occurred onlj' in that part which was adjacent to the 
tumor. Ihe tissue of the kidney jiropcr was free from histologic evidence of dis- 
ease. Cysts were not present anywhere within the substance of the kidney. 


RKVIKW OF THE LITERATURE 

J lie literature on the subject of retroperitoneal lymphangioma is 
extremely scanty. In the reviews of retroperitoneal tumors by Gobell 
(1901), Mauclaire (1901), Magoun (1919), Andrews (1923) and 
Schmid (1923), no mention was made of this type of neoplasm. In 
his review of the literature relative to pararenal tumors Lecene ( 1919) 
included 1 lyinphangiosarcoma (Lund, 1901) in the series of 113 cases. 
Gaudier and Gorse (1913) reported a retroperitoneal cystic lywpb- 
angioma, and drew attention to the fact that a diligent search of the 
literature revealed no strictly analogous case. The}’^ reviewed, however, 
the cases of retroperitoneal lymphatic cysts reported by Kilian (1886), 
Narath (1886), Winter (1895) and Penkert (1902), owing to the fact 
that these cysts showed some points of similarity to those in their 
own case. 

^Vestman (1925) reported a retroperitoneal lymphangioma, which 
was retrocecal. He mentioned no similar case in the literature. 
Burhaneddin (1931) reported a multilocular cystic retroperitoneal 
lymphangioma, his comment being that he had not succeeded in finding 
a similar case in the literature. McFadden (1931) reported a successful 
removal of a multilocular c^'^stic retroperitoneal lymphangioma by 
operation. 

While there are a number of cases of chylous and lymphatic cysts 
reported, the 4 cases mentioned constitute the only instances of true 
retroperitoneal lymphangioma of which we are able to find a record. 
These, with the addition of the tumor herein reported, furnish 5 such 
cases for study. 

Our survey leads us to concur with the opinion of McFadden who 
feels that many of the retroperitoneal cysts described in the litei attire 
were probably true lymphangiomas and not cysts arising from^ local 
peritoneal cells derived from the urogenital ridge. We include in our 
study, however, only those cases in which the growths Avere pio\ed 
by microscopic study to be true neoplasms of the type of lymphangioma. 
Kaufmann emphasized the necessity of differentiating between lympi 
angioma, a new growth, and lympbangiectasis, a simple dilatation of 
the l 3 miphatic vessels. 
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ETIOLOGY 

In consiclcniig the etiology of retroperitoneal lymphangioma careful 
distinction must be made between retroperitoneal and mesenteric cysts 
and^ ti ue lympliangioma. According to Ewing, retroperitoneal lymph- 
angioma occurs in children and adults as a multilocular cavernous and 
cystic tumor, originating along the spinal column and ramifying into the 
peh-is behind the kidney or colon, upward to the liver and the spleen 
and into the omentum. He stated that ‘^the very early stages and exact 
origin of these tumors have not been demonstrated,” and added that 
their neoplastic nature seems assured “since the walls contain cellular 
connective tissue, often much smooth muscle and lymph-follicles.” 

Magoun’s opinion is that the origin of retroperitoneal tumors “is 
at the best a matter of speculation. All types of tissue are in the retro- 
peritoneal space and may at an}-^ moment undergo abnormal growth.” 
Harris said ; “The various angiomas must have their origin in a develop- 
mental anomal}^ in structure of certain vascular segments which do not 
fit into the circulatory system, and which retain embryonal characteris- 
tics. The congenital origin of the majority of these tumors speaks 
strongl}’’ in favor of a tissue predisposition as a prominent factor in 
their genesis.” 

Burhaneddin mentioned the various types of retroperitoneal cysts 
and the theories of their etiology, but concluded that his owm case was 
one of cystic lymphangioma — a true neoplasm. McFadden said that 
while its anatomic relation might have suggested the origin of his case 
of retroperitoneal tumor (cystic lymphangioma) from the urogenital 
ridge, examination revealed it to be a true lymphangioma. 

The old literature contained references to lymph cysts, according to 
Westman. Such tumors were regarded as a result of lymph stasis, but 
at present they are regarded as true new growths. 

Brandsburg said that the majority of lymphangiomas occur in child- 
hood, and found that they occur with equal frequency in the two sexes. 
There are many theories as to their etiology, of which he enumerated 
four: (1) the retention theory, which explains lymphangioma on the 
grounds of mechanical pressure; (2) the theory of a disturbance of the 
secretory function of the endothelium of the vessels, causing hyper- 
proliferation of the lymph, or a disturbance of the permeability of the 
endothelium; (3) the inflammatory theory; (4) the embryonal theory. 
Brandsburg believed that the embryonal theory is the most acceptable. 

It explains the lymphangioma on the grounds of a defect in the ernbry- 
onal organization of the lymphatic system, small segments of tissue 
retaining their embryonal characteristics. 
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PATHOLOGY 

A IjTnphangioina is a tumor composed of lymph vessels. It is an 
organoid structure consisting of endothelial cells and supporting con- 
nective tissue, both being involved in the neoplastic process. 

Erving stated that the clinical conditions which fall in the general 
class of Ij-mphangioma "include a variety of slowlj' growing congenital 
single or multiple tumors of the skin, subcutaneous tissues, deep areolar 
structures and muscles of neck, trunk, lip, tongue, eye and orbit. He 
believed that in the pathogenesis of these conditions many factors are 
concerned ; hence it is more difficult to distinguish between lymphangioma 
and hinphangiectasis than between true and spurious hemangioma. 
Ewing thought that the simple occlusion of lymph channels may be 
followed by extensive varicosities resembling l3'mphangioma. He noted 
that the general clinical features apparently offer an important means 
of recognition of lymphangioma, but even so there are a large number 
of investigators who would include in the class onlj* such processes as 
show a congenital origin and a progressive course, with an absence of 
traumatic and inflammatoiy- factors. 

Kaufmann stated that on section a lymphangioma shows dilated 
spaces lined with endothelium, which are filled with clear or slightly 
cloudy lymph. The walls are fibrous and often quite muscular. The 
interstitial tissues contain fat and foci of IjTnphoid structures, and 
after section of the tumor the cavities collapse. Collapse of the cavities 
did not occur in our case. Kaufmann further stated that when the 
overgro%\'th of connective tissue is greater between the spaces, the tumor 
is firmer and may be termed l\-mphangiofibroma. He contended that 
in the individual case it is sometimes difficult to determine whether the 
mass is a true neoplasm of lymphatic vessels or only a dilatation with 
secondary thickening of preformed vessels with some muscular hyper- 
trophy. A sharp differentiation should be made between h'mphangiecta- 
sis (simple dilatation of lymph vessels) and lymphangioma (a new 
gron-th). 

Sick (quoted by Kaufmann) believed that the starting point of many 
lymphangiomas is in an isolated vessel or primtive connective-tissue rest 
which proliferates into new lymph vessels. 

In Burhaneddin’s case f retroperitoneal cystic lymphangioma) the 
tumor was greenish white, thin walled and made up of cysts of various 
size= filled with clear fluid. The tumor had no connection with the tissues 
around the kidney. On microscopic examination the inner walls of 
the cysts of Burhaneddin's tumor were seen to be lined with oblong, 
partly flat endothelial cells. On the external surface and in the inter- 
stice- between the cysts it was noted that angiomatous tissue was devel- 
oping. In isolated places the interstitial tissue showed flat, large, cellular 
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dements, ivhidi seeniecl to fill the spaces of these tissues. The diag- 
nosis, from a study of the structure of these walls, was cystic lymph- 
angioma. 

jNfchaclden’s case revealed at operation a large cyst shaped like a 
horseshoe, wliich filled the lower part of the abdomen. In the midline 
it leached about an inch ( 2.5 cm.) above the bifurcation of the aorta, 
and in the flanlcs it extended to the pouches of both kidnej'^s. It extended 
into the peh'is behind the mesosigmoid and mesorectum, was closely 
adherent to the perinephric fat and was tense and multilocular. In one 
area colonies of small C3-sts on the wall of the cyst gave the appearance 
of frog's spawn. The C3'sts contained turbid fluid in which were scat- 
tered flakes of lymph. Microscopic study showed the tumor to be a 
true lymphangioma, with a matrix mostly of fatty tissue, though in 
places it was fibrous Avith strands of plain muscle among collagen fibrils. 
In the matrix was a sort of spongy network of channels, some long 
and narrow, some in the form of wide spaces. The lining of these Avas 
a single layer of flattened endothelial cells (absent in some places), 
Avhich Avere supported by fibrous tissues. Collections of lymphocytes 
Avere seen, sometimes in the Avails of the spaces, sometimes lying irregu- 
larl3'’ in the meshes of the matrix, sometimes in spaces by themselves. 
Scattered foci of pol3''morphonuclear leukocytes gave evidence of super- 
added inflammator3'' reaction. McFadden noted the similarity of appear- 
ance of the cavernous 13'mphangioma to congenital hygroma of the 
neck or axilla. 

In Westman’s case the tumor surrounded the cecum on the anterior, 
external and posterior sides. It AA^as the size of a clenched fist and 
AA^as composed of small cysts. The groAvth was fixed against the pos- 
terior abdominal AA^all, but AA^as easily loosened from the loAver pole of the 
right kidney. It had no union AA'ith the appendix, intestines or other 
organs, and was diagnosed after microscopic study as a lymphangioma 
caA^ernosum. There Avas neither dilatation of Ijraph vessels nor any 
eA'idence of l3maphostasis. 

Gaudier and Gorse remarked that the pathologic process present in 
retroperitoneal lymphangioma is obscure. They noted that Penkert dis- 
cussed the various hypotheses of degeneration of ganglions, dilatation 
of the 13'mphatic A^essels and C3^stic degeneration of a cavernous lymph- 
angioma. Other authors were inclined to think that the condition is 
a congenital malformation. Gaudier and Gorse expressed the opinion 
that the true explanation is wanting. 

The tumor in our case, by its groAvth, caused pressure atrophy of 
the loAver pole of the kidney and AA^as attached to the kidney. 
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SYMPTOilS A>:i) CLI>CICAL FEATURES 
Retroperitoneal lymphangiomas present no clinical features which 
would sen-e to distinguish them from other retroperitoneal growths. 
Retroperitoneal tumors are as a rule "silent ' until their size is such 
that symptoms of pressure arise. Burhaneddin noted that difficult 
respiration and ureteral pressure are two usual effects of such tumors. 
In his case (cvstic lymphangioma) the neoplasm caused symptoms of 
ureteral obstruction which were relieved after removal of the mass. 

In 3»[cFaddems case (retroperitoneal h-mphangioma) the patient, 
who had had an enlarged abdomen for four years, suddenly suttered 
acute abdominal pain and distention of such degree that there was 
protrusion of the umbilicus. Palpation did not reveal a tumor, and 
rectal examination gave negative results. A clinical diagnosis of acute 
appendicitis or inflamed glands of tuberculous peritonitis was made. 

The retroperitoneal lymphangioma reported by Westman had appar- 
ently caused no symptoms and was discovered incidentally during an 
operation for acute appendicitis. The size and position ( retrocecal ) 
of the tumor prevented the removal of the gangrenous appendix, thus 
causing the death of the patient in an indirect manner. 

prolongation of the tumor in the case of retroperitoneal lymph- 
angioma recorded by Gaudier and Gorse caused an inguinoscrotal 
tumefaction, which served to direct attention to the growth. On exami- 
nation it was noted that the pressure on the scrotum was transmitted 
to the right lateral abdominal wall, at which point a large, rounded, pain- 
less tumor was palpated. The clinical diagnosis was abdominoscrotal 
tumor of unknown nature. 

In his study of retroperitoneal tumors at the Mayo Clinic, Magoun 
lound the following to be the most prominent symptoms of the group 


Qt benign neoplasms : 

-■tbdomina! mass 15 

Loss ot weight and strength 10 

-■Midominal pain 5 

Increase in size 01 the abdomen 2 

Pain in the back 2 

Bloating j 

Constipation j 

Pulncss and belching 1 


Paresthesia in the right leg by pressure on the growth 1 

Mayoun noted that these symptoms accompanied the group of malig- 
‘>a.n retroperitoneal tumors : hence he concluded that clinicallv it wa^ 
•uchly improbable that one could distinguish between the types of tumor. 
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DIAGNOSIS 

i he cliief aids in the diagnosis of retroperitoneal tumors are cystos- 
copy, ureteral catheterization and pyelography, since the differential 
diagnosis of retroperitoneal growths must include a consideration of 
renal tumor, hypernephroma, hydronephrosis, pyonephrosis and peri- 
nephritic abscess. Furthermore, consideration must be given to enlarge- 
ments of the spleen, both solid and cystic tumors of the pancreas, as 
well as, in rare instances, to tuberculosis of the lymph nodes. 

An old Init simple aid in the diagnosis, namely, inflation of the 
colon with air, has been almost displaced by roentgenography. 

When the retroperitoneal tumor occurs low in the abdomen it may 
be confused with lesions of the uterus or ovaries. Because of the 
painless nature of the enlargement, retroperitoneal tumors have led to 
an erroneous diagnosis of pregnancy. It is important to remember that 
a diagnosis of the nature of the growth, as to whether it is benign or 
malignant, as well as the differentiation of lymphangioma from other 
retroperitoneal growths, can be established only by histologic examina- 
tion of the tumor, 

TREATMENT 

At operation for retroperitoneal tumors it is not infrequently neces- 
sary to perform a nephrectomy, as in our case, when the kidney is 
engulfed by the tumor, making removal of the latter without the former 
a mechanical impossibility. In other instances the kidney has atrophied 
as a result of the pressure of the neoplasm and is not worth saving, 
hence the importance of a thorough preoperative study of the function 
of both kidneys preliminary to operation for retroperitoneal tumor. The 
knowledge thus gained not only is important from a diagnostic point 
of view but may be essential during the operation, as nephrectomy may 
be necessary in the removal of the tumor. Hofstatter and Schnitzler 
noted that when bands of tissue exist between the kidney at^Ae tumor, 
it is frequently impossible to tell macroscopically, during the operation, 
whether the bands are simple adhesions or extensions of the growth. 
Such a condition would predispose the surgeon to do a nephrectomy, 
provided he knew that the function of the opposite kidney was satis- 
factory. Hartmann and Lecene removed the kidney in 18 of 27 cases 
of pararenal tumor in which they operated. 

According to Westman, Lecene, Bettman and Serby, the cliief sur- 
gical difficulty in the removal of retroperitoneal growths lies in the 
dissection of the adhesions of the tumor to the mesentery and intestines. 
These author^ note that in such dissection injury to mesenteric vessels 
may be unavoidable, and may necessitate resection of portions of the 
intestine. They urge that at operation for retroperitoneal tumors the 
surgeon and operating instruments be prepared for such an emergency. 
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It is generally conceded that the ideal treatment of benign retro- 
peritoneal tumors, including the rare cystic lymphangioma, is surgical 
extirpation. On the other hand, Burhaneddin wrote that it is sur- 
prising that the extirpation of such large cystic tumors is frequenth 
possible. Ours was easily removed. 

Westman stated that although complete extirpation is the ideal treat- 
ment for cvstic hanphangioma of the retroperitoneal regions, drainage, 
with tamponade and suture of the edges of the cyst to the peritoneum, 
mav be done when the tumor is unilocular and when its size and attach- 
ments make complete extirpation impossible. He also stated that radium 
may be used when, for any reason, the tumor cannot be extirpated. 
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PERICARDIECTOMY FOR ADVANCED PICK’S 

DISEASE 

JOHN B. FLICK, M.D. 

AND 

JOHN H. GIBBON Jk., M.D. 

I’lIILADELPHIA 

Despite an increasing number of reports of cases, particularly from 
Germany, it remained for the work of Churchill and Beck to awaken 
interest in this country in tlie surgical treatment of Pick’s disease. In 
1929 Churchill ^ in an excellent article on “Decortication of the Heart 
(Delorme) for Adhesive Pericarditis” reviewed the subject and added 
a successful case of his own. In 1930 Beck ^ produced Pick’s 
syndrome in dogs by injecting surgical solution of chlorinated soda into 
the pericardiac cavit}-. He subseciuently obtained a symptomatic cure 
in these animals by pericardiectomy. Beck also reported a successful 
pericardiectomy on a human being. 

The pathologic physiolog}' of concretio pericardii, or callous peri- 
carditis, commonly known as Pick’s disease, need not be discussed at 
length, as it has alread}" been admirabl}'^ described by Rehn,® Volhard 
and Schmieden,'* Churchill,* Beck - and others. The essential pathologic 
change is a marked fibrous thickening of the pericardium which limits 
the normal diastolic expansion of the heart. Extrapericardiac and intra- 
pericardiac adhesions are not an essential feature of the condition, 
although the latter are almost invariably present. The symptoms arise 
chiefly from the marked venous stasis and resemble those of chronic 
congestive cardiac failure. The diagnostic features are illustrated in the 
case reported here. The only treatment for this obvious mechanical 
impediment to the circulation ® is the removal of the pericardium. 

From the Surgical Service of the Pennsylvania Hospital. 
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flick-gibbon— PICK’S DISEASE 

In the tollowing case advanced Pick’s disease svas unsuccessfully 
treated by pericardiectomy. The failure is attributed to the presence ot 
a thickened epicardivun v.-hich was not removed at operation. 


REPORT OF A CASE 

Hwforv.— The patient was an Italian boy, aged 12. W hen he was 3 years old 
a mass had appeared on one side of his neck. This was incised, and a smal 
amount of pus evacuated. The following year his parents noticed that he was not 
as large or as strong as his brothers and sister. In the summer ot 1928, when 
7 years old, he became easily fatigued on slight exertion, and his abdomen slowly 
increased in size. He was treated tor cardiac disease by the family physician. The 
swelling persisted until the weather became cold, when it subsided completely. 
Tonsillectomy was performed at that time. 

In the summer oi 1929 the abdomen again became enlarged, but the swelling 
disappeared in the winter. In June, 1930, the swelling reappeared, and about 
3,500 cc. oi cloudy fluid was aspirated from the abdomen. Digitalis was given in 
varying amounts that summer without noticeable effect on the ascites. There was 
a slight pufiiness under the eyes in the morning, and dyspnea on exertion when 
the abdomen was enlarged. Later in the summer the legs and scrotum became 
edematous, but following a second paracentesis of -1,000 cc. the edema disappeared. 

The patient was first admitted to the Pennsylvania Hospital in November, 1930, 
He was then 10 years oi age. He appeared undernourished, his arms and legs 
were thin, and his abdomen was enormously enlarged. There was no dyspnea, 
cyanosis or dependent edema. The veins of the neck, arms and abdomen were 
prominent. There was no clubbing of the fingers. The right border oi the heart 
was 1.5 cm. from the midline in the right third interspace, and the left border 
7 cm. from the midline in the left fifth interspace. The cardiac impulse was 
diffusely visible and palpable. There were no murmurs, and the heart sounds were 


ci good quality, yiarked ascites and a moderate-sized umbilical hernia were pres- 
ent. The blood pressure was 98 systolic and 72 diastolic. Four thousand cubic 
centimeters of clear yellow fluid, with a specific gravity of 1.018, was removed fay 
abdominal paracentesis. No tubercle bacilli were found on smear or culture of the 


fluid. The liver was enlarged but not tender. The Wassermann reaction of the 
blood was negative, and the urine was normal, the specific gravity varying between 
1015 and 1.030. The total serum protein was 3.03 per cent; the albumin, 2.14, 
the globulin. 0.S9, and the albumin-globulin ratio, 2.4. A roentgenogram of the 
chest showed an angular projection from the leit side of the cardiac shadow', pre- 
sumably due to an extrapericardiac adhesion. The right cardiac border was 
srojQth. The transverse diameter of the heart was 101 mm., that of the chest, 
W/ mm. The patient’s temperature varied between 97 and 100 F. and the pulse 
rate between 92 and 108. A diagnosis of cirrhosis of the liver was made. A salt- 
ee let was given, but the ascites recurred rapidly, and paracentesis was again 
ecc..ar\ before his discharge from the hospital in December. 

V patent 

f,,. f Jefferson Hospnal. Paracentesis was performed even- three 

and the fluid assumed a milky character. A guinea- 

content o-’ the^Lv f 'T tuberculosis was found. The total protein 

fxulrratoVi between 3.36 and 2.19 per cent. In Augun, 1931 

exploratory laparotomy was performed by another surgeon. He found^ Lc^th 
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.narkcdly liickencd i,ento»cu,n, hut no evidence of tuberculosis. The liver was 
•s -ghtly enlarged w.tl, rounded edges and bad a thick white coating dotted with 
shallow de„rcss.o.is so.newliat resembling tiie icing on a cake. The spleen was 
about tliree tunes the normal size, and its surface resembled that of the liver A 
specimen of hepatic tissue was removed for microscopic study. It showed marked 
tluckenmg of the capsule and dilatation of the sinusoids about the central efferent 
Ycms, with early necrosis of hepatic cells in that area. The lesion was similar to 
that observed m chronic passive congestion. There was a slight irregular fever 
during the patient’s stay in the hospital. He was discharged in October, 1931. 
From that time until June, 1932, his abdomen was tapped every four weeks. Edema 
of the lower extremities and scrotum appeared in January, 1932, and gradually 
increased. 



Fig, 1. — Appearance of the patient before operation. In the profile view the 
prominence and distention of the external jugular vein in the erect posture can 
be seen. 

On his second admission to the Pennsylvania Hospital, June, 1932, his abdomen 
was enormously distended with fluid, and there were large scrotal and umbilical 
hernias. The legs and scrotum were edematous. The veins of the forearms, 
hands, feet, neck and chest were very prominent. The hands and feet were cold 
and cyanotic. There were moist, coarse rales at the bases of the lungs. Five 
thousand and five hundred cubic centimeters of fluid, containing 4 per cent 
protein, was removed from the abdomen. Following paracentesis the rales in the 
lungs disappeared. He remained in the hospital a few days and was then treated 
in the outpatient department. Abdominal paracentesis was necessary every two or 
three weeks during the summer. 

He was readmitted on Oct. 14, 1932, for the purpose of confirming the diag- 
nosis of Pick’s disease, which had been suggested. The veins of the hands were 
unusually prominent. The external jugular veins were pulsating and distended, 
even in the erect posture (fig. 1). There was a definite pulsus paradoxicus. The 
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blood ore^ure 78 svstoHc and 66 diastolic. The anteroposterior diameter of 
the ch!=t ^va= increased so that it assumed the barrel shape ot chrome emphv sema 
? » not. tons „.o„»t over the lung. Breath y“'“ ; 

and L rales u-ere heard. Hepatic dulness began at the fifth nb m the rjht 
midcla^cular line anteriorly. The lov.-er border of the liver was easdy palpab 
Uvo fingerbreadths below the costal margin. The edge was rounded, and 

surface smooth, firm and not tender. _ _ 

There was no bulging of the precordium or visible cardiac impulse The ape.x 
beat was not palpable. The area of cardiac dulness was slightly larger than 



Fig. 2. — ^Roentgenograms of the chest, taken at a distance of 6 feet, before and 
after pericardiectomy : A, Oct. 17, 1932; B, Dec, 12, 1932. There is a slight 
increase in the cardiac area after operation. 



Fig. 3. — Electrocardiogram, taken on Xov. 3, 1932. No axis deviation is appar- 
ent. The Q R S complexes are slurred and of very low amplitude in all the 
leadh. The T waves are of low amplitude in lead I, iso-electric in lead II and 
inverted in lead III. The resistance was 1,700 ohms. 


r.oiroal. The right border was 2.5 cm. from the midline in the third interspace, 
ar.( the left border, 7.5 cm. in the fifth interspace. The cardiac sounds were clear, 
'Mth the exception of a slight prolongation of the first sound at the apex. There 
'■as soil pining edema of the legs below the knees. 

cardiac pulsation could be seen on fluoroscopic examination. The cardiac 
^ me on the roentgenogram was irregular (fig. 2 A). The transverse diameter 
in ^-ep'esenting an increase of 

c.-.r<'irla„ ^'ovember, 1930. An electro- 

• (fig. 3) showed the ver>- low voltage, the flat T waves, and the slur- 
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ring of the Q R S complex wJiidj were present in Beck’s patient.- During October 
and November the venous pressure in the left median basilic vein varied between 
24.5 and 22.5 cm. of water. 1 here was no significant change in the venous pressure 
after paracentesis, win'cli was performed every two or three weeks. As the history 
and results of the examination all indicated a far advanced and progressive case 
of Pick's disease, it was thought that pericardiectomy offered the only hope for 
improvement, 

Pcn'cardicctoiny. — The operation was performed on Nov. 21, 1932. The patient 
was placed on tlie operating table with the head and chest elevated about 20 degrees. 
Under ether anesthesia a curved incision was made from the second left costo- 
chondral junction to the midsternal line, then down and laterally over the seventh 
costal cartilage. TJie flap of skin and of pectoralis major muscle was reflected out- 
ward. The third, fourth, fifth, sixth and seventh costal cartilages were excised. A 
portion of the left side of the sternum from the third to the sixth rib was removed 
with rongeur forceps. The posterior layer of the perichondrium of the cartilages 
and the exposed intercostal muscles were excised. This exposed the left internal 
mammary vessels, the anterior border of the left pleura and a small portion of the 
anterior surface of the pericardium. The pleura and the internal mammary vessels 
were retracted to the left and separated from the pericardium by blunt dissection. 
The right lung and pleura were similarly treated. At one time it was thought 
that the right pleural cavity had been opened, because of a “swishing” sound 
sjmehronous with respiration. The suspected area was covered with rubber dam 
and later with petrolatum gauze. On removal of these, at the close of the opera- 
tion, no opening in the pleura was evident. 

The exposed pericardium was light graj'. Calcareous deposits were palpable 
in and beneath the pericardium, especially in the region of the right auricle. The 
pericardium was incised longitudinallj' from the pulmonary artery to the diaphragm. 
The heart bulged slightly through the incision. The pericardium was adherent to 
the epicardiuni throughout. It was separated from the heart by blunt dissection 
with the finger. In onlj^ one place, over the wall of the right ventricle, was it 
necessary to emploj'- scissors to divide a calcareous band, 4 or 5 mm. thick, between 
the heart and the pericardium. The surface of the exposed heart was dull gray. 
Small, thin, calcareous plaques could be seen and felt in the thickened epicardium. 
These were especially numerous at the base, over the auricles and the great vessels. 
On palpation the sensation was that of passing the finger over coarse sandpaper. 
The pleural reflections were now further separated from the external surface of 
the pericardium. The separation was facilitated by making lateral traction on the 
edges of the pericardium, thus rotating the heart first to the right and then to 
the left. This maneuver was particularly useful in separating the right pleura 
from the pericardium. The anterior surface of the pericardium was then resected 
(fig. 4); the left side being removed first. The apex of the heart was elevated 
and the heart freed posteriorly. A narrow V-shaped strip was removed from the 
thickened diaphragmatic pericardium. There were no bands constricting the inferior 
vena cava. 

The flap of skin and muscle was replaced over the defect in the thoracic cage, 
thus bringing a small portion of the right ventricle in direct contact with the 
under surface of the pectoralis maj'or muscle. The wound was approximated in 
layers and closed without drainage. A gauze pad was firmly strapped over the 
wound with adhesive plaster to control the paradoxical movement of the chest 
wall. 
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The veins in the neck were still prominent at the conclusion of the operation 
with the patient in the semirecumbent position. The blood pressure the day before 
the operation was 78 systolic and 66 diastolic. Before the administration of 
the anesthetic on the day of the operation, it was 96 systolic and 78 diastolic ; the 
day after the operation it was 88 systolic and 54 diastolic. The increase in the 
pulse pressure was maintained on subsequent readings until the patient was dis- 
charged. 

There was little postoperative reaction. On the seventh day, several ounces 
of clear serum drained from the lower portion of the wound, spurting with the 


operation. of the pericardium and the costal cartilages e.xcised at 

ioi'cction of the up^r"^iStioroT2e v" ^ superficial 

For three weeks after the operation th^ promptlv. 

the ascitic fluid accumulated ' ^ reduction in the rapiditv 

obser^-ed. The venous pressure waT ir^ ‘^’^^^■^ence could be 

tose to 25 cm. of tvater, sl^U - 

It was still impossible to ob 1 1 Py^P^^^tive level, on the twentieth 

There was an' incrie ota^TuT " T ^-r^t 

; n aucr the operation ffig t g) A t transverse diameter of the 

to the one takcn-b^Le'l™::^ was essem 
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Tlic patient left tlic liospital on December 18, twenty-seven clays after the opera- 
tion. I-Ic returned on December 27 for abdominal paracentesis and was discharged 
the following day. The wound in the chest had healed. The veins in the neck 
were still prominent, tlie nhdomcn wus distended^ anci there was pitting edema of 
the legs below the knees. Five thousand and five hundred cubic centimeters of fluid 
was removed from the abdomen. 

On Jan. 6, 1933, the patient was readmitted, with marked dyspnea and cyanosis. 
The abdomen was distended and there was edema of both lower extremities. The 



Fig 5. — The heart, lungs and liver removed en masse at autopsy. At A, 
traction is made on the thickened pleural reflections overlying the heart. The 
remaining portion of the pericardium has been separated from the heart, and the 
line of operative resection may be seen at BB. The pectoralis major muscle and 
short segments of three costal cartilages can be seen adhering to the anterior 
surface oi the heart. The heavy irregular deposit of fibrin dotted with shallow 
depressions is evident on the surface of the liver. 


pulse rate was about 160 per minute and the blood pressure was 70 systolic and 
50 diastolic. Shortly after admission 5,700 cc. of fluid was removed from the 
abdomen. Pulmonary edema developed four or hve hours later, and despite 
stimulation and inhalation of oxygen, the patient died. 
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Autopsy . — ^.Autopsy was performed eight hours after death. On opening the 
peritoneal ca%'itj' 2 liters of clear amber-colored fluid was removed. The peri- 
toneum was 1.5 mm. thick, but its surface was smooth and glistening. The omen- 
tum was small and adherent to the anterior parietal peritoneum in the left upper 
quadrant of the abdomen. Both lobes of the liver were enlarged, extending two or 
three fingerbreadths below the costal margin. The entire anterolateral surface of 
the liver was densely adherent to the diaphragm and the parietal peritoneum. The 
surface of the liver was covered with a thick white mottled coating (fig. 5). The 
spleen was not adherent, and its capsule was similar in appearance to that of 
the liver. The other abdominal organs were grossly normal. 

The pleural cavities were entirely obliterated by adhesions. Both pleurae were 
densely adherent to the pericardium. The pettoralis major muscle was firmly 
attached to the anterior surface of the heart where the pericardium had been 
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rated llirougl, the cp.carcliuni into the cardiac muscle. The coronary vessels lay 
for the most part within the subepicardial fat and the myocardium and were not 
injured in separating tiie epicardium from the cardiac muscle. The borders of 
the mitral valves were slightly thickened and nodular at the attachment of the 
chordae tendineae. The width of the largest of these nodules was 3 mm The 
other cardiac valves were entirely normal. The aorta was smooth and elastic, and 
the coronary vessels and orifices were patent and not diseased. After removal of 
the remaining pericardium the heart weighed 150 Gm., which is about normal for 
a child of this age." 



Fig. 7. — A, cross-section of epicardium and myocardium; X 43. X, thickened 
epicardium; V, layer of fatty tissue and Z, external portion of mj^ocardium. B, 
section of hepatic tissue (X 60), showing dilated sinusoids and necrosis of hepatic 
cells particularly about the efferent veins. The hepatic cells about the portal 
systems show the least evidence of damage. 

A photomicrograph of a section of tissue from the right ventricle is shown 
in figure 7 A. Sections of the liver (fig. 7 B) and spleen showed the changes 
associated with a severe grade of chronic passive congestion. There was no evi- 
dence of tuberculosis in the lungs. 

COMMENT 

In this case the diagnosis of a thickened, constricting pericardium 
should have been made much earlier. In a child the history of recurring 
and persistent formation of ascitic fluid and dependent edema, in the 
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absence oi obvious cardiac disease or of impainnent of renal lunction, is 
highly suggestive. The low pulse pressure and high venous pressure m 
the absence of valvular lesions of the heart are significant findings. The 
electrocardiogram was similar to the one reported by Beck.- The com- 
plete absence of any visible pulsation of the heart under the fiuoroscope 
is a striking and significant sign. The absence of either visible or 
palpable pulsation over the precordium in conjunction with the other 
physical findings points to a markedly thickened pericardium. The 
cardiac area as determined by* the orthodiagram was slightly larger than 
normal for a child of that age. height and weight. The cardiothoracic 
ratio in a roentgenogram of the chest taken at a distance of 6 feet 
(183 cm.) was 0.57, which is at the upper limit of normal.*^ Congestive 
failure in the presence of a small or normal-sized heart has been men- 
tioned as a diagnostic point in Pick’s disease.^ Howei'er. the means at 
our disposal for determining cardiac area during life do not distinguish 
between the heart itself and its enveloping membranes, A markedly 
thickened pericardium and pleura will slightly increase the cardiac area, 
and thus in advanced Pick’s disease the cardiac area may be larger than 
normal, altliough tlie heart itself is of normal size. A shift in the elec- 
trical avis with a change from the right to the left lateral recumbent 
position occurred in this patient. Fixation of the electrical axis with 
change in the position of the body is therefore an inconstant finding in 
Pick’s disease. 

Little additional information on the etiology of the disease is afforded 
by this case. From the study of a large number of autopsies, Sprague, 
Burch and \\ hite • conclude that the condition is probably not rheumatic 
but results from a tuberculous pericarditis. No evidence of tuberculosis 
)\as found at autopsy in this patient. The cervical mass which was 
incised and drained in childhood may or may not have been tuberculous. 
^0 member of the patient’s immediate family had tuberculosis. On the 
other hand, there was no history of rheumatic fever, arthritis or chorea. 
- 0 .\schoff bodies were found in the myocardium. The edges of the 
mitral valves were slightly but definitely thickened. The other cardiac 
valves were entirely normal. As Beck has produced the typical Pick’s 
- } nc rome by chemical irritation of the pericardium, it is probable that 

any infection of the pericardium of sufficient severitv mav result in the 
disease. 


^ O’" marked improvement in this patient 

cmo\ a ot the anterior portion of the pericardium may be ascribed 

7 Sp-acuc^ P The klacmillan Companv, 1931. 

-ai P-i^ardium 

J5) 3932. ' ■ ‘ ‘ Study, Xew England J. Med. 207:483 (Sept. 
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to the presence of a thickened, calcified ej^icardiuin. It was tliought that 
the patients condition after removal of the pericardium did not justify 
Prolonging the operation in order to remove tlie epicardium. It was 
planned, if necessary, to expose the lieart again at some later date and 
to remove as much of tlie epicardium as possible. The feasibility of 
slnjjping this membrane from the surface of the ventricles was demon- 
strated at autopsy. A layer of subepicardial fat separated the thickened 
ejDicardium from the coronary vessels and the myocardium (figs. 6 
and 7/1), so that the epicardium could be separated by blunt dissection, 
without injuring either the coronary vessels or the cardiac muscle. In 
one or two places where calcification e.xtended from the epicardium 
directly into the m)'ocardium, the separation would have been impossible 
The condition of the epicardium and the clinical course of this 
patient were closely similar to those described by Beck ’ in experiment 
S (dog 29-31). Pick’s syndrome was produced in this dog by the injec- 
tion of surgical solution of chlorinated soda into the pericardiac cavit 3 ^ 
Resection of the parietal pericardium in two stages resulted in a tem- 
jjorar}' improvement. The syndrome recurred, however, and the dog 
died. At autopsy the heart was found encased in a tough, thickened 
epicardium which, as Beck pointed out, undoubtedly interfered with the 
normal diastolic filling of the heart, as had the thickened pericardium 
tvhich had been removed at operation. Beck suggested that such a con- 
dition might occur in patients and might necessitate the removal of a 
portion of the epicardium. It is apparent that in some cases of Pick’s 
disease removal of the pericardium alone is sufficient to produce a 
dramatic alleviation of symptoms.^ In the far advanced cases, with 
a thickened and constricting epicardium, resection of a portion of the 
epicardium is probably necessary. Schmieden ® even regarded resection 
of the epicardium as the essential feature of the operation. 

The low values for serum protein observed in this patient two years 
before operation were subsequently overlooked, and unfortunately the 
determination was not repeated. The total serum protein, 3.03 per cent, 
and the serum albumin, 2.14 per cent, were both below the usual level 
at which edema appears.'® The reason for the low serum proteins in 
this case is not clear. There was no albuminuria, and the patient’s diet 
contained an adequate amount of protein. On four occasions the pro- 
tein content of the ascitic, fluid la)' between 4.0 and 2.19 Gm. per hun- 
dred cubic centimeters. Assuming the protein content of the ascitic 

8. Churchill.^ Beck.- 

9. Schmieden, V.: The Technique of Cardiolysis, Surg., Gynec. & Obst. 43:89 
(July) 1926. 

to. Moore, N. S., and Van Slyke, D. D.; The Relationships Between Plasma 
Specific Gravity, Plasma Protein Content and Edema in Nephritis, J. Clin. Investi- 
gation 8:337 (April) 1930. 
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fluid to be 2 per cent, the patient lost approximately 7 Gm. of protein 
per dav bv paracentesis in the five weeks prior to the operation. This is 
comparable to the albuminuria in certain cases of nephritis with edema. 
However, the low serum proteins found two years before the operation 
could not be explained on this basis, because comparati^ el\ small 
amounts of ascitic fluid were being lost at that time. The reduction in 
the serum protein content which frequently occurs in cardiac decom- 
pensation suggests the possibilitj' that the long-standing hepatic conges- 
tion with its attendant injur}* to hepatic parenchyma may be responsible 
for the condition. There is, however, no evidence that either serum 
albumin or globulin is influenced by hepatic injur}*.^" Indeed, Payne and 
Peters have recently observed that the low serum albumin frequently 
found in cardiac failure appeared “to be directly referable to malnutri- 
tion.” As our patient was definitely undernourished, the same e.xplana- 
tion may apply. The importance of determining the serum proteins in 
patients with Pick’s disease is obvious. If the protein content is low a 
second factor is brought into play in the production of the edema and 
ascites which may well be as potent as the increased venous pressure. 


SUMMARY 

An anterior partial pericardiectomy was performed on a 12 year old 
boy with advanced Pick's disease. The thickened calcified epicardium 
uas not removed. There was slight temporar}* improvement after the 
operation, but death occurred fort}--six days later. At autopsy adhesions 
were found to have reformed beUveen the heart and the remaining por- 
tion of the pericardium. The failure to relieve the patient of his symp- 
toms was attributed to the presence of a thickened epicardium. The 
significance of the low serum proteins found prior to operation has been 
discussed. 


pi' C- and Van Slyke, D. D.: The Concentration 

01 viasma Proteins in Nephritis. J. Exper, iled. 39:887 (June) 1924. 

in p7i J- anii Bulger, H. The Plasma Proteins 

CondiV I- In Normal Individuals and in Miscellaneous 
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TREATMENT OF MYOSITIS, ARTHRITIS AND DISTUR- 
BANCES OF THE PERIPHERAL CIRCULATION 
WITH HISTAMINE BY CATAPHORESIS 


DAVID H. KLING, M.D. 

tOS ANGELES 

Recent investigations have emphasized the significance of distur- 
bances of the peripheral circulation in the etiology of conditions of the 
joints and muscles. In 1909, Wollenberg.i on the basis of arterio- 
sclerotic changes in the affected joints, advanced the theory of the 
vascular origin of osteo-arthritis ; he experimentally pi'oduced over- 
growth of the patella b}^ a circular ligation of the blood vessels. The 
experiment was recently repeated and confirmed by Goldhaft - and his 
co-workers, who had previously demonstrated, in studies of the blood 
flow, blood gases, capillarj^ microscopy and surface temperature, a 
deficiency of peripheral circulation in arthritis. Hench, Henderson, 
Rowntree and Adson,® of the Mayo Clinic, reported good results in 
rheumatoid arthritis with ramisection aiid sjunpathetic ganglionectomy, 
which eliminated the vasoconstriction. V on Papp ^ stated that a spasm 
of the arterioles produces myalgia. The beneficial effect of physical 
therapy in rheumatic infections is also considered to be due chiefly to a 
temporary increase of blood supply. 

On the basis of extensive studies, Lewis ® considered histamine-like 
substances to be the hormone regulating the pen’i^heral circulation. 
Deutsch ® therefore conceived the idea of supplying the affected parts 
with histamine and thus overcoming a possible deficiency. In 1931 he 
reported favorable results with treatment by galvanic cataphoresis of 

From the Arthritis Department of the Cedars of Lebanon Hospital, Los 
Angeles. 

Read before the Society of Physical Therapy, New York, Feb. 1, 1933. 

1. Wollenberg, G. A.; Aetiologie der Arthritis in Lichte des Experiments, 
Arch. f. orthop. u. Unfall-Chir. 7:226, 1908-1909. 

2. Goldhaft, A. D.; Wright, L. M., and Pemberton, R.: The Production of 
Hypertrophic Arthritis by Interference with the Blood SuppU, Am. J. M. Sc. 
180:386 (Sept.) 1930. 

3. Hench, P. S. ; Henderson, M. S.; Rowntree, L. G., and Adson, A.; Treat- 
ment of Chronic “Infectious” Arthritis by Sympathetic Ganglionectomy and Sympa- 
thetic Trunk Resection, J. Lab. & Clin. Med. 15:1247 (Sept.) 1930. 

4. von Papp, quoted by Bettmann.^s 

5. Lewis, T. : The Blood Vessels of the Human Skin and Their Response, 
London, Shaw & Sons, Ltd., 1917. 

6. Deutsch, Dezso: Histaniin zur Therapie rheiimatischer Erkrankiingen, 
Med. Klin. 27:1491 (Oct. 9) 1931. 
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histamine in 250 cases of painful conditions of the muscles. His find- 
in«s ^ere confirmed bv a number of German investigators (Kopits.- 
Trampp,* Friedlander,'* Payer.^'^ RosenblQth-Ronald.'^^ \ as.^- and 
Bettmann'-’). Failure vdth this method rvas reported only by Ruh- 
mann “ and Kauffmann."-' 

Through the support of Dr. Jerome Weiss. I mas enabled to intro- 
duce this method in the Hospital for Joint Di:ease=. 


PH.MIrt.^COLOGV OF HISTArtlKE 

Histamine is. according to Sollmann.^'' a product of the cleavage of 
proteins by acid, ferments or bacteria. It is found in all tissue emracts 
and is present in large amounts in the normal stool. But it in turn is 
rapidly destroyed by bacteria and is therefore not ettective when given 
by mouth. Subcutaneous or intravenous injections of histamine have 
powerful effects on the circulation and smooth muscles. It is partly 
responsible for the ergot-like effect on the uterus ; it constricts 
bronchioles and the larger arteries and dilates the arterioles and capil- 
laries. Injections of quantities of more than 1 mg. may therefore cause 
alarming stmptoms. consisting of headache, vomiting, a fall in blood 
pressure and respirator}' disturbances. The theor}- was advanced that 
posttraumatic shock is due to liberation of histamine by the damaged 
tissues. 


7. Kopits, I.: Beitrage zur Definition. Differentialdiagnostik and Therapie 
‘‘rheumatischer Erkrankangen.” .\rch. f. orthop. u. Untall-Chir. 31:7, 1932. 

8. Trumpp. Rolf; Neue Behandlung der Muskelschmerzen, iftinchen. mecL 
B'clinschr. 78:1862 fOct. 30) 1931. 

Briediander, quoted by Deutsch. D. : Zur Behandlung von Schmerzen mit 
Histamin [Comment on Kauffmann's artidef. Deutsche mecL \Vchn=chr 5S:8’7 
(May 20) 1932. 

10. Payer, quoted by Deutsch.- 

11. Rosenbliith-Ronald, E. ; Die Histamin- lontophorese and ihre therapeutfsche 
Bedeutung, Med. Klin. 28:1561 (Xov. 4) 1932. 

12. \ as, Stefan ; Enahrungen mit der kataphoretischea Histarainhehandltm'^ 
ueutsche med. Wchnschr. 58:1009 (June 24) 1932. 

\t u" Wege der Histarainbehandlang schmerzhafter 

' und Gelenkerlmanlamgen, Deutsche med. Wchnschr. 58:1003, 


14 Ruhmann. Walter; Die ortliche Histamin-Einwirk-uns bet iltiikelrheuma 
Mur.chen. med. Wchnschr. 78:2201 (Dec. 25) 1931. ' -vm-keirneum.. 


13, Kauffmann, M. ; 
rted, Wchnschr. 58:660. 

16. Sollmann. Torald; 
dsrs Company. 1932. 
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INFLUENCE OF HISTAMINE ON THE PERIPHERAL CIRCULATION 

A simple experiment demonstrates the powerful influence of hista- 
mine on the periplieral circulation. One drop of a 1 ; 1,000 solution 
of histamine is placed on the skin, which is subsequently pricked by a 
sharp needle. Within five minutes an urticarial wheal surrounded by 
a red flare will develop (fig. 1). The response of the peripheral circu- 
lation consists of a triple reaction: (1) a local dilatation and an increase 
in the blood flow in tbe minute vessels (purple spot) ; (2) a local 
increase in the permeability of the capillaries, which produces the wheal, 
and (3) a widespread dilatation of the surrounding arterioles (flare). 

This reaction was used by Jordan for the diagnosis of the degree 
and severity of disturbances of the peripheral circulation in Buerger’s 
disease and arteriosclerosis. 



Fig. 1. — Stages in the cutaneous reaction of histamine, showing the flare and 
the wheal. 

TECHNIC OF APPLYING HISTAMINE 

CatapJwrcsis . — Deutsch devised for the purpose of cataphoresis a battery gal- 
vanic apparatus ; he used leaf impregnated with histamine in conjunction with it. 
The following technic was therefore adopted : A galvanic apparatus equipped with 
an accurate milliammeter supplies the electric energy. For electrodes, lead foil is 
used. Blotting paper is moistened with a 1 : 1,000 aqueous solution of histamine 
acid phosphate and applied to the affected part. The positive electrode is adjusted 
over the blotting paper and secured with rubber bandages. Because of the danger 
of producing burns, care must be taken that the electrode does not touch the bare 
skin, and all metal should be removed from the vicinity of the current. A con- 
venient negative electrode consists of a nonmetal basin filled with a weak 
physiologic solution of sodium chloride -in which lead foil connected with the 
negative pole is placed at the bottom of the basin and covered with a rubber sheet. 
The hand is immersed in the solution. The current is slowiy built up to from 

17. Starr, I., Jr.: Change in Reaction of Skin to Histamine as Evidence of 
Deficient Circulation in Lower E.xtremities, J. A. M. A. 90:209 (June 30) 1928. 
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4 to 10 tnillamperes, abottt front 1 to 2 millamperes to the square inch of positive 
electrode being allowed. The current is permitted to art tor from one to two 
minutes. 

In the majority of cases no more than a sensation of prickling is felt over the 
treated part The current is gradually decreased; contact should not be inter- 
rupted suddenly. 

By serial connection, with branching cords to the positive pole, a number of 
parts can be treated simultaneously. 

Modification o/ the Histamine Trcatmaif by Caiapkorcsis. — An article on this 
method was recently published by Bettmann. 

nonmetallic (glass, enamel) basin is filled with a 1 : 10.000 solution ot 
histamine and connected with the positive electrode: it is insulated by a cover 
of rubber sheetina. The affected extremity is submersed in the histamine. The 
negative electrode is wrapped in insulating material (linen, towles or rubber) and 
applied as a cuff over the part to be treated. The current is permitted to act for 
from five to ten minutes. This method is most convenient in infections of the hands 
and feet. Drawbacks are the large amounts of fluid necessary and the frequent 
renewal, as the weak solution deteriorates in from one to three days. The reaction 
also is not so strong as with the former method. 

Scratch Method. — In cases in which a galvanic apparatus was not at hand I 
have used the following method of application of histamine ; The skin is cleansed 
with gasoline; with a sharp-pointed instrument scratches of about ^ inch (0.63 
cm.) in length are drawn over the affe«ed area in vertical and horizontal direc- 
tions. The entire area is thus divided into small squares. piece of gauze is 
saturated with the 1 ; 1,000 solution of histamine and rubbed into the scratches. 


EFFECTS OF THE .\PPLIC.\TIOX OF HIST.\MINE 

I Studied the changes taking place in patients and in myself after the 
application of histamine by these methods. 

The exposed skin appeared reddened immediately after the removal 
M the positive electrode. Soon wheals cropped up (fig. 2) and blended 
into one patch of urticaria < if cataphoresis was used) or into stripes 
of urticaria (if the scratch method was used). The temperature over 
the treated parts rose from 2 to 3 degrees C. (3.6 to 5.4 F.). Gradu- 
ally the elevation of the skin receded, leaving red spots. The skin 
returned to its normal appearance in from five to six hours. 


Bettmann studied the capillaiy- changes and found a marked increase 
m the rate of circulation and the number of capillaries visualized and 
dilatation of the subpapillary vessels. He demonstrated e.xperimentallv 
Ac marked influence of cataphoresis of a 10 per cent solution of sodium 
iodide preceded by an application of histamine on the resorption of the 
son 01 rabbits. Controls treated only with iodine by cataphoresis 
section, particles of iodine precipitated with thallium 
^cctate m the superficial laj-ers of the corium, while the sections of the 
-m which were subject to preceding histamine cataphoresis showed 
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iodine particles scattered through all the layers. Bettniann claimed also 
that after prolonged treatment the effect on the capillaries can be demon- 
strated to last for weeks. 

Another evidence of the effect of the histamine on the deep vessels 
was furnished bj' Zsedenyi. ® After ligation of the bleeding vessels in 
the couise of an opeiation, histamine was applied to the skin adjoining 
the incision. Thereupon fresh bleeding occurred from the deep small 
vessels. This permitted an exact hemostasis. 



Fig. 2. — Application of histamine by (left figure) the scratch method and by 
(right figure) cataphoresis. 

CHOICE OF METHOD OF APPLICATION 

The scratch method has the advantage of simplicity. However, the 
unequal distribution of the urticaria makes the method less effective than 
cataphoresis. The lesion of the skin opens the possibility of infection; 
systemic reaction may occur if the scratches are too deep, and the per- 
sistence of the scratches for about a week limits the application of the 
method. 

Cataphoresis, on the other hand, requires an apparatus, but it is 
the method of choice. It is efficient and does not cause discomfort, 
and the cutaneous changes are transitory. Systemic reactions were not 
observed. 


IS. Zsedenyi, quoted by Kopits." 
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The leaf, impregnated with histamine, as devised by Deutsch, offers 
the advantage of a stable, ready-to-use product, and it obviates the neces- 
sity of making up solutions, which deteriorate on standing. The dis- 
advantage, however, is that the leaves come in one size, which is some- 
times not sufficiently large to cover the entire affected part. I therefore 
still use the solutions of histamine on blotting paper cut to fit the 
required area. 

Although I confined myself chiefly to the application of histamine 
bv cataphoresis, the mechanical method has great value, as it pro\es 
that the action of histamine is independent of that of the galvanic 
current. 

The problem of iontophoresis and its efficiency is therefore in no 
wise involved in the histamine therapy of rheumatic infections. 


Table 1. — Results oj Histamine Therapy 




Cure or 



Recurrence 



Improvement 

Pailnre 

in 


Number 

^ t 

— \ 

r 

> 

Total 


of 

Num- 

Per 

Num- 

Per 

Number of 

Diagnosis 

Patients 

ber 

Cent 

ber 

Cent 

Cases 

Myositis 

376 

343 

01 .2 

on 

S.S 

33 (205) 

Static anfl traumatic myositi.' 

35 

S'"* 

91.5 

o 

S,5 


Contractures 

29 

20 

69.0 

9 

31.0 

10 

Arthritis 

151 

124 

S2.1 

27 

17.9 

22 (51) 

Peripheral and circular disturhances 

21 

■20 

S3..3 

4 

ie.7 


Neuralgias 

45 

31 

64.6 

17 

35.4 

S (29) 

Miscellaneous 

07 

fO 

50.7 

27 

40.3 

e (11) 

Totals 

~ZD 

CIO 

S3.5 

120 

16.5 

S5 CS4-2) 


INDICATIONS AND THERAPEUTIC RESULTS 


Table 1 presents a compilation of the collected data on treatment of 
rheumatic conditions with histamine, which includes 68 cases of mv own 
observation. In a total of 730 cases, 610 patients (83.5 per cent) were 
either cured or improved : 120 (16.5 per cent) were not benefited, How- 
euT, in a series of 342 favorable cases, reported by Deutsch and 
f'^opits. Rosenbliith and ine,^'-’ the relief was temporarv in onlv 85 
(24.8 per cent). 

Hyosuis (Myalgia ). — Three hundred and seventy-six cases, repre- 
^nting about 52 per cent of the total number published, belong to the 
Sroup ot myositis. The prevalence of myositis in the reports to date 
-■p amcd by the short time that has elapsed since the introduction of 


I'rirce^ onrl p' ' Therapy of Rheumatic Affections and Distur- 

thc Peripheral Circulation. Ann. Surg. 9S;568 (.\pril) 1934. 
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histcimine, which peimits a definite conclusion, only in relatively acute 
conditions presenting a simple clinical picture. 

Table 2 gives a lesume of the results of the various authors and 
shows that the percentage of cure or improvement lies between 75 and 
98 per cent. 

An analysis of 32 cases of m 3 ' own observation is shown in table 3 . 
The ages ranged from 23 to 67 3 'ears. Duration of the symptoms 
amounted to from one week to two }'ears. Previous treatment was 
given without success in 6 cases and consisted of baking, massage, 


Table 2. — Resume of Histamine Therapy of Myositis 


Cure or 

Ivumber Improvement Failures Recurrence 


of , ' , , , . , 

Author Cases Number Per Cent Number Per Cent Number Per Cent 

Deutseh “ 94 S9 95.7 5 4.3 14 1C.7 

Trumpp s 100 98 98.0 2 2.0 

Kopits ’’ 57 50 98.2 1 1.8 12 21.9 

A'as 1= 45 40 SS.9 5 11.1 

Rosenbliith 48 36 75.0 12 25.0 6 IC.G 

Kling le 32 24 75.0 8 25.0 1 3.1 

Totals 370 343 91.2 33 8.8 33 11.2* 


* Of 205 cases recorded. 

Table 3. — Summary of My Material on the Administration of Histamine by 

Cataplwresis 


Number Cure or Improvement No Improvement 

of , ; ! . 

Condition Cases Number Per Cent Number Per Cent 

Myositis 32 24 75.0 8 25,0 

A 24 14 58,3 10 41,7 

.5 5 100.0 

.2 2 

Acroparesthesia 3 2 .... 1 

Buerger's disease 1 1 

Angioneurotic edema 1 1 

Total 68 49 19 


diathermy and injections. Tlie muscles of the shoulder were affected 
in 23 cases; the arm and wrist in 2 cases each, and the forearm, neck, 
elbow and calf in 1 case each. Cure or improvement was achieved in 
24 cases (75 per cent); 8 of the patients (25 per cent) remained 
unrelieved. No other treatment was given with the histamine therapy. 
The beneficial results, while lower, show, on the other hand, a smaller 
percentage of recurrences (3.1 per cent) than do the reports by other 
authors. 

The diagnosis was based on pain, tenderness and limitation of 
motion due to muscle spasm. Sometimes distinct hardness could be 
palpated at the insertion in the muscle (myogelosis). In order to 
e.xclude pathologic conditions of the bones and joints, roentgenograms 
were taken in all cases of longer duration which were not readily 
amenable to treatment. 
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A thorou-h examination of all of the musdes of the affected part 
for pain, tenderness, contraction and nodules is of the utmost impor- 
tance for success in the treatment. It is a common occurrence, tor 
instance, for a condition to be diagnosed as myositis ot the trapezius 
muscle n-hen further examination would detect tenderness ana spasm ot 
the deltoid and pectoralis insertions as well. All affected muscles and 
the antagonists must be treated. 

The effect of the treatment in favorable cases is rather staking. 
Immediately after the first application, pain and tenderness disappear, 
and motion is increased. If the initial ettect is not pronounced, the 
final outcome must be viewed with skepticism. This analgesic effect 
lasts at first for several hours, corresponding to the aforementioned 
changes in the circulation. The treatment is therefore at first repeated 
daily, if possible ; with the progress of the recovery, the painless inten'als 
increase to twenty-four and forty-eight hours. Treatment is then 
repeated ever}' second or third day, until all of the sr'mptoms have 
disappeared. However, I was not able to give the patients at the clinic 
more than three treatments weekly. The number of treatments required 
varied from one to seventeen. In severe and chronic cases one is justi- 
fied in continuing as long as there is a satisfactoiy and immediate 
response to the treatment. 

Muscular Conditions FoUozi'ing Trauma, Static Strain or Diseases 
of the Bones and Joints . — Successful treatment of pain and muscle 
spasm following trauma was reported by several authors in a total of 
35 cases, in 32 (81 per cent) of which the patients were cured or 
improved. This result, if confirmed in a large series, would present 
decided progress in the after-treatment of injuries to the extremities. 

In static myalgia chiefly due to weak feet, \'a3 reported good 
results in 25 or 28 cases. In contractures of the muscles, due to patho- 
logic conditions of the bones and joints, Kopits obtained improvement in 
29 cases: however, in 16 cases the results were only iransitorv. 
.•\lthough the treatment in this group was only S}-mptomatic. it could 
he employed to correct faulty position in preparation for final measures. 

Subacromial Bursitis . — In 5 cases of subacromial bursitis. 4 of 
nhich showed deposits of calcium in the roentgenograms. I saw dis- 
appearance of pain and tenderness and return of complete motion after 
from four to fourteen treatments. In 3 of the cases previous treatment 
'vnh diathermy and massage was not successful. If further obser- 
vation in a large group of cases gives equally good results, cataphoresis 
s lould be the method of choice in subacromial bursitis. 

I have also had good results in 2 cases of tenosvnovitis of the 
extensor tendons of the hand. 


hundred and fttV-one cases of different tvpe= of 
of collected trom the literature. Twent^four- 

in P4 Improvement was noted 

inconcUr'ii i >niprovement was transient in 22. The results were 
Mte because ot the small number of cases and the indefinite 
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nomenclature used. (Deutsch and Kopits referred to their cases as 
arthritis deformans and polyarthritis; Vas wrote of “diseases of the 
joints.”) 

The analysis of my 24 cases of arthritis is given in table 4. In 
14 cases of osteo-arthritis of the knee joint, a diminution or Joss of 
pain and tenderness and a slight increase in motion were seen in 8 cases 
(57 per cent). Improvement was noted in 2 cases each of infectious 
and traumatic arthritis and in 1 case of rheumatoid arthritis ; in 5 cases 
of arthritis of the sacro-ih'ac joint the treatment failed in 4 instances. 
From this small amount of material I can submit only one conclusion, 
namely, that there is a difference in the effect according to the t 3 'pe and 
location of the arthritis ; arthritis of the knee joint appears to react far 
more favorabl}'- than that of the sacro-iliac joint. 

N eiiralgia. — In 42 cases of neuralgia, 31 patients were reported 
improved ; of these 17 were improved only transitorily. Deutsch 
experienced failure in 3 cases of neuralgia of the cutaneous femoris 


Table 4, — Analysis of Hisfaniiiie in Arthritis 


Type of Arthritis 

Osteo-arthritic (knee)... 

Sacro-iliac (joint) 

Infectious 

Rheumatoid 

Traumatic 

Total 


Number 

of 

Oases 

Cure or Improvement 

No Improvement 

Number 

Per Cent 

Number 

Per Cei 

14 

s 

57.1 

0 

43.9 

a 

1 

20.0 

4 

3 

80.0 

2 

1 

2 

2 

1 

2 




24 

14 

5S.3 

10 

41.7 


lateralis nerve ; he regarded histamine as ineffective in pure neuralgia 
and improvement as an indication that the muscle was chieHy involved, 
especially in ischialgia. 

Acroparesthesia. — Vas reported good results in 18 of 20 cases of 
acroparesthesia of the hands or feet. I have seen improvement in 
2 of 3 cases of acroparesthesia in rvomen of middle age who complained 
of numbness, h^^persensitivit}" and paresthesias. 

Miscellaneotis Conditions . — Deutsch had complete failure as to 
permanent results in 10 cases of painful periostitis. Vas claimed suc- 
cess in 10 cases of furunculosis and in 3 cases of painful infiltrations 
after perivascular injections. Of considerable greater interest are his 
good results in a case of Raynaud’s disease, in 2 cases of Buerger s 
disease and in 3 cases of chronic ulcer of the leg. I noticed improve- 
ment in 1 case of Buerger’s disease and prompt cure after one treat- 
ment in 1 case of angioneurotic edema of the knee. The action ol 
histamine in conditions of disturbed peripheral circulation requires 
extensive investigation. 

COMMENT 

With the exception of two authors, it is the consensus that the 
application of histamine by cataphoresis offers an efficient treatment of 
myositis. The two authors used fault}'^ technic, applying the histamine 
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to only the pamtul spots ; they neglected to treat the antagonists^ well. 
Neither oi the authors published figures of their pesults. Kaufirnann s 
contention that the analgesic effect is due to the action of the positive 
pole and not the histamine is without foundation. In order to produce 
an effect by the galvanic current it is necessary, first, to apply it for a 
much longer time than one or two minutes and to use a stronger current 
than is used in applying histamine by cataphoresis. Secondh , the action 
oi the histamine is not dependent on the application by cataphoresis. 
Its introduction by the scratch method or by intracutaneous. subcu- 
taneous or intramuscular injections showed identical results. Ruhmann 
conceded to histamine only a counter-irritating effect like that of the 
application of capsicum. This analog}' is only superficial. Both sub- 
stances produce hyperemia. The diffuse irritation of the skin which 
is caused by a plaster of capsicum and which prevents repeated appli- 
cation of the plaster, is not produced by histamine, which has a selective 
action on the blood vessels. The skin returns to normal after several 
hours, and the histamine can be reapplied immediately. 

Ruhmann overlooked further that the action of histamine has been 
thoroughly investigated and analyzed by saentific methods. Its dosage 
can be regulated, and its effect can be checked by accurate capillar}* 
microscopy, while other counter-irritants used empirically do not permit 
an accurate investigation. 

In arthritis and vascular diseases histamine therapy is still problem- 
atic. One does not even know whether the technic used is entirely 
appropriate. It is possible that a more intensive method of treatment is 
necessary; I do not see any objection to the application of histamine 
by cataphoresis tsvo or three times daily for patients in the hospital. 
Besides being practical, such continuous alteration in the circulation of 
the blood would be of great importance in the determination of the 
actual involvement of the peripheral circulation in arthritis. If the 
treatment is not efficient in itself, it could possibly be combined with 
other therapy. 

SVilM.^RY 


The application of histamine either by cataphoresis or by the scratch 
method is described. 

The effect of this treatment consisted in a dilatation of the minute 
vessels and the smaller arterioles and in an increase in the flow of blood 
in the permeability of the vessels, which caused a hyperemia and 
C cration of the cutaneous temperature of several hours’ duration. Evi- 
( cnee was given of a longer duration of the capillarv dilatation after 
coiiMclerable treatment fBettmann). 

The results m 730 cases collected from the literature are surveyed 

to tJie value of this method is at present 
1 jsMblc only ,n myositis. Of 376 patients. 343 were cured or improved * 
•■currcnccs were noted in 33 patients. ^ ’ 

In “’''"'■“tan nre anateed. 

naimiTOvBl ” '"’P™''''!. and 8 remained 
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Thorough examination and treatment of all of the affected muscles 
and their antagonists^ are decisive for the success of the treatment. 

Immediate relief of pain and tenderness after the first treatment 
was of favorable prognostic significance in this group. 

Secondary myalgia due to static unbalance after trauma and strain 
was benefited in a moderate number of the cases reported. 

Five patients with subacromial bursitits and 2 with tenosynovitis 
were successfully treated. 

In 151 cases of arthritis reported in the literature, 124 of the patients 
were improved ; in 22 cases the arthritis recurred. 

In 24 cases of arthritis of my own observ’-ation, 14 of the patients 
were improved and 10 unimproved. 

Long observation of extensive material, however, is necessar}^ to 
draw definite conclusions as to the effect of the alteration of peripheral 
circulation by histamine in arthritic and vascular deficiencies. 

Note. — Dr. Jerome Weiss, director of the department of physical therapy of the 
Hospital for Joint Diseases, Miss Acton and the staff carried out the treatments. 

The patients were derived partly from the orthopedic services of Drs. Finckel- 
stein and Frauenthal, Hospital for Joint Diseases, and partly from private practice. 


1930 Wilshire Boulevard. 
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Renal Anoinalics . — Xordio ^ reported 2 cases of congenital ectopic 
pelvic kidney vvithout any associated malformation of the genitals or 
of other parts of the body. In the first case, during an operation for 
retroverted uterus, the misplaced kidney was found at the right of the 
vertebral column and in the pelvic cavity. It was normal in size, without 
lobulation, slightly flattened and fixed ; a fatty capsule was not apparent. 
-■^5 the kidney appeared to be functioning satisfactorily, it was left 
undisturbed. The patient, a woman who had borne seven children 
without unusual inconvenience, was seen one year later and was in 
e.xcellent condition. This case indicates that a pelvic kidney which causes 
no disturbance or symptoms may go unrecognized throughout life. 

The second case, before operation, was thought to be one of unilateral 
cystic tumor of the left adnexa uteri. As the ureter of the ectopic 
kidney was too short to permit nephropexy, nephrectomy was done, 
und the patient was relieved from all symptoms. Owing to the fact that 
the ectopic kidney was lobulated and embryonal, and, consequently, soft, 
Jt presented an almost cystic consistency on palpation, unlike that of a 
normal kidney. 

Kirkland - reported a case of congenital absence of one kidnev. ure- 
ter and suprarenal gland. The remaining kidney was pyonephrotic, an 


1. Xordio, .Aiig^isto; Contributo alio studio degli errori diagnostic! nella dis- 
vrin renale pelvica in ginecologia, Riv. ital. di ginec. 15:221 (July) 1933. 

f! n'‘ Congenital Renal Aplasia, Complicated bv Pvonepbrods 

U'.c Existing Kidney, M. J. .Australia 2:351 (Sept. 9) 1933. 
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aberrant renal vein apparently being the obstructive factor. Catheteriza- 
tion of the patient, a woman, aged 36, revealed an empty bladder after 
anuresis of twenty-two hours. On cystoscopy, the right ureteral orifice 
could not be found. The catheter could be passed into the left ureter 
for 20 cm. ; urine was not obtained. Operation revealed that the uretero- 
pelvic juncture was sharply kinked b)^ a posterior renal vein coming 
from the lower pole of the kidney; the lower third of the kidney, which 
was cystic, was drained. The case is of interest because of the aberrant 
vessel which made efficient emptying of the left kidney an impossibility, 
and also because of the large isolated pyonephrotic sac which apparently 
had been present for a number of 3 ^ears. The patient had successfully 
gone through three pregnancies with this defective renal system. 

Gutierrez “ stated that at present it is possible to distinguish between, 
and to identify accurately in advance of operation, three anomalies of 
the upper portion of the urinar}^ tract which formerl}'- were much con- 
fused and frequently were discovered only at necrops}^ namely, hypo- 
plastic kidney, renal aplasia and congenital absence of one kidney. The 
underlying cause of all three conditions is embryonic malformation or 
lack of proper development of the urinary organs during intra-uterine 
life, wherein either the kidney does not develop to its full extent or 
the Wolffian duct of the mesonephron fails to produce a renal bud after 
the duct has reached the cloaca. In view of the fact that congenital 
anomalies of the kidney constitute about 40 per cent of all pathologic 
lesions of the organ, the importance of their clinical recognition becomes 
apparent. The most important points in preoperative diagnosis have 
been classified on the basis of 8 illustrative cases, in accordance with 
the principal clinicopathologic and cysto-uropyelographic observations. 

The hypoplastic kidney is small or infantile, whereas the other kidney 
rindergoes compensatory hypertrophy. Two types of hypoplastic kid- 
ney exist : One contains normally functioning renal parenchyma with 
both medullary and cortical substance but with diminution in size and 
deformation of the pelvis, and the other contains no pyramidal or cortical 
substance, barring a few rudimentary glomeruli and tubules which are 
visible only microscopically. The pelvis is rudimentary or ly'drone- 
phrotic in this type, and the calices may be lacking. The ureter is patent 
in the hypoplastic kidney, urine is normally secreted, and renal function 
may be normal or diminished; there are also good excretion of urea 
and elimination of phenolsulphonphthalein. Pyelography and roentgen- 
ography reveal a hypoplastic organ. The danger of the finding lies in 
the fact that such an organ is incapable of undergoing compensatory 

3 . Gutierrez, Robert: Surgical Aspects of Rena! Agenesis, with Special 
Reference to Hypoplastic Kidney, Renal Aplasia and Congenital Absence of One 
Kidney, Arch. Surg. 27:686 (Oct.) 1933. 
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hypertrophy in the event of surgical removal of the other kidney. Such 
a kidney is' from a sixth to a third the size of its mate, which is alu^ys 
hypertrophic. The chief diagnostic sign is marked decrease in lunction. 
both quantitative and qualitative, in comparison with the other kidney, 
when the latter is normally developed ; in the event that the other kidney 
has undergone pathologic change, clinical evidence alone is misleading, 
and the necessary differentiation depends also on a correct interpreta- 
tion of a bilateral pyelogram. If there is an insufficient concentration 
of opaque substance by the hj'poplastic kidney, as shown in the intra- 
venous pyelogram, an ascending pyelogram will be necessary. The 
differential urographic diagnosis must be borne in mind, since this con- 
dition may readily be confused with the lesions obseiwed in secondary 
renal atrophy acquired through disease. It must also be distinguished 
from other common types of anomalies, such as double kidney, in which 
the upper portion of the pelvis alone is diminutive, and one may be 
misled if the double pelvis and ureters have not both been properly 
rtsualized. 

Renal aplasia may be regarded as renal hypoplasia of an extreme 
degree, being distinguished from the latter by the fact that the rudi- 
mentary and diminutive structure supposed to be a renal organ is only 
a small mass of aberrant fibrous tissue which at no time has had any 
e.vcretory function, although it may be formed, microscopically, of 
embryonic and sclerotic, or even calcified, glomeruli and tubules. Here 
again two types exist. In the first, the amorphous mass of renal tissue 
has a small renal artery coming from the aorta, although there is no 
evidence of a true renal pedicle, pelvis or ureter; a short rudimentary 
and functionless ureter, however, may be discovered in the course of a 
caretul postmortem e.xamination. It is thus an organ which has never 
shown any signs of existence in a true sense and has never accomplished 
any physiologic function, yet. owing to the presence of an artery, it can 
eliminate into the mass of tissue the intravenously injected opaque sub- 
stance, and thus the presence of aberrant renal tissue may be revealed 
m the urogram. In the second type there is no renal artery- but only 
small aberrant blood vessels anastomosing from the blood supply of the 
-'Suprarenal gland ; thus no shadow results from intravenous injection 
ot the opaque medium. Moreover, although the pelvis and the upper 
portion of the ureter are absent, there is alwar'S evidence of a remnant 
01 the functionless or obliterated ureter in the aplastic side of the urinaiy- 
^ u' er. Qinically, the patient has no symptoms related to the urinary- 
^mct. the only complaint being pain in the lumbar region. Cystoscopy 
^ and two normal ureteral orifices but, on the 

e or t re aplastic kidney, the ureter is found to be a blind stump, after 

fatty mass of sclerotic renal 
• ‘ i> fiuid injected will regurgitate, making onlv a hvpothetic 
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diagnosis possible. Following intravenous injection of an opaque sub- 
stance, however, a few tiny patches of shadow may be seen in the 
roentgenogram where the substance enters the dilatations of the few 
rudimentar}/^ tubules present, which at necropsy will be found to contain 
a few drops of yellow fluid that may have the characteristics of urine. 
Histologic section of the specimen removed definitely reveals the pres- 
ence of renal tissue with embryonic tubules and glomeruli. Areas of 
calcification or degeneration, to the extent in which cysts are formed, 
may be seen, as in polyc3'Stic kidney. The patients complain of pain 
on both sides of the abdomen. On the side of the aplastic kidney, the 
pain is due to remnants of renal tissue which have the irritant action 
of a foreign bod}'’, whereas on the other side, the overwork of the 
hypertrophied kidney leads to painful symptoms also. Surgical treat- 
ment in such cases must he along veiy conservative lines, consisting in 
the removal of the remnants of the aplastic kidney with as much of the 
pararenal fatty capsule as possible. 

Like the two preceding anomalies, congenital absence of one kidney 
has been widely confused with atrophic kidney, fused kidney and also 
with the two types of malformation already discussed. Once again two 
types exist : The first is the type of the true solitary kidney, with com- 
plete absence of both kidney and ureter on the opposite side. It may 
be ectopic or in cross ectopic position, but there is only one ureteral 
orifice into the bladder, and one half of the trigon has not been der'el- 
oped. As a rule, there is some associated genital malformation as well. 
The second type is the solitary fused kidney, in which there is evidence 
of union of two nephroblastomas into one organ, with two pelves and 
two ureters which may open normally or abnormally into the bladder. 
The solitaiy single kidney is peculiarly subject to disease, and in the 
event that it is diseased the prognosis is fatal. The association of a 
pathologic process, such as parenchymatous nephritis, formation of 
stones, pyelitis and pyelonephritis, with a tendency toward hydronephro- 
sis, oligttria, infection, anuresis and death, has commonly been recorded 
in the literature. Tlirough errors in diagnosis, many operations have 
unwittingly been performed on the solitary single kidney, with fatal 
results. 

The symptoms of these three conditions are insidious. Bilateral 
pain, with an enlarged palpable mass in one side of the abdomen, may 
signif}'^ h3'pertrophy of one kidney and demands careful urologic inves- 
tigation of the upper portion of the urinary tract. Sole reliance should 
never be placed on the result of an intravenous pyelogram despite the 
brilliancy of the achievements of this new method, for it cannot be too 
strongly emphasized that in many cases bilateral retrograde pyelograms 
are indispensable. 
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Kemal,^ writing from Constantinople, reported the case ot a man, 
aged 30, who lived tor twenty days with anuresis and practically symp- 
tomless uremia after the removal of an infected, calculous right kidney, 
which proved to be a solitary organ. The importation into Turkey of 
substances for intravenous use in urography is not permitted and. because 
of extraneous circumstances, retrograde pyelography also could not be 
carried out in advance of operation. In this case a stricture of the 
urethra made the introduction of a cystoscope impossible ; therefore, 
Kemal made only an intramuscular injection of indigo carmine. Since 
the dye was eliminated after about fifteen minutes, he thought himself 
justified in concluding that there was a functioning left kidney and in 
performing nephrectomy. The coralliform shape and great size of the 
stone revealed at operation would have made its removal by nephrotomy 
impossible. The kidney, with a widely distended and infected pelvis, 
was about four times its normal size. On the first day after operation, 
when the catheter elicited only 10 cc. of a fluid which was mainly pus, 
the suspicion arose that the kidney which had been removed was solitary. 
This became a certainty when all measures undertaken to produce diure- 
sis proved ineftectual. The temperature remained normal for five days, 
however, and the chlorides and the urea in the blood were only moder- 
ately increased. Even on the seventeenth day. the patient still felt well 
enough to inquire when he might be allowed to go home. He was 
found dead in his bed on the twentieth day. although he had been walk- 
ing about the room only fifteen minutes before. Necropsy revealed only 
a barely visible rudiment of a left kidney, in which renal tissue could 
he seen microscopically. .\ left ureteral orifice in the bladder could 
not be found. The distended right ureter was filled only with pus. 


[Compiler s Note. — Solitan,- single kidney is the condition in which 

one of the kidneys is definitely absent. The case reported by Kemal 

IS not properly classified, since in the postmortem examination nephro- 

.?eiuc tissue was present as revealed by the naked eye and the histologic 

section of the mass removed. This case should have been reported as 

renal aplasia and not congenital absence of one kidnev or solitan,- sinc'le 
kidney.] ' - “ a 

Tidiiors.—PascuaH stated that tumors of the renal pelvis are not 
p-quem. Chronic inflammatoiy- processes in the pelvic mucosa of all 
>ncs. leukoplasia and continued irritation set up bv a calculu-^ «eem 
important part in the etiology. The chronic inflammatory 


20 Ta-c SoHtarniere. Symptomloser Verlauf einer 

' VarrlT?’! mcd. Wchnschr. 59:1398 tSept 8) 1933. 

- h-roL. 1933 p i?''' 
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factor cannot be a very important one because, if it were, it would be 
a fiecjuent occuiience to find tumors of the renal pelvis accompany tuber- 
culous processes of the kiclne)^ which is not the case. 

Histologically, the majority of tumors of the renal pelvis are of an 
epithelial nature ; these are benign papillomas in some cases and malig- 
nant papillar}^ epitheliomas in others. There are also nonpapillary epi- 
theliomas of undoubted malignancy and a few nonepithelial tumors. The 
relative frequenc}^ with which these three types of new growth occur 
is approximately the same. Nonepithelial malignant growths are 
extremely rare. Pascual stated that in spite of the fact that it is possible 
to maintain a histologic distinction between benign and malignant tumors, 
clinically it is impossible to do so, pailly because benign papillomas often 
degenerate into iDapillomatous epitheliomas, and partly because these 
tumors, even the most benign in appearance, owing to their tendency 
to spread, to metastasize and to generalize, enter into the clinical evo- 
lutionary picture of carcinomas and behave just like them. 

Pascual stated that the most characteristic feature of tumors of the 
renal pelvis is their tendenc)'’ to spread and to propagate within the 
remainder of the urinary tract, ureters and bladder, where they usually 
recur and maintain the original histologic type. The manner in which 
this type of propagation takes place is not definitely known; the mecha- 
nism is possibly multiform and may be that of contamination by urinary 
fluid. Some investigators consider the propagation to be direct, and 
a smaller group think that the lymphatic system may be responsible. 
Some also defend the hypothesis of concurrent formation of tumors in 
the pelvis, ureter and bladder. 

Pascual reported that tumors of the renal pelvis present the classic 
signs of hematuria, increase in volume of the organ and pain (not of 
frequent occurrence or very characteristic) which generally accompany 
formation of tumor in the kidney, either in the pelvis or in the paren- 
chyma. From the point of view of symptoms, it is extremely difficult 
to establish an exact diagnosis as to the situation of the tumor. 

Pascual felt that tumors of the renal pelvis are always serious, even 
in cases of t3"pically benign papilloma, in view of their tendencj' to prop- 
agate, to undergo carcinomatous degeneration and to become transitional 
forms. The histologically benign nature of the tumors does not exclude 
the possibility of diffuse metastatic implantation to ureters or bladder, 
and such metastasis may even be of a malignant nature. The prognosis 
in these cases is, therefore, serious on all occasions. Pascual concluded 
that, bearing all these factors in mind, treatment can be onl}' surgical. 

It should consist of nephrectomy and ureterectomy, either partial or 
total, according to the surgical possibilities and the condition of the 
ureter. 
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\'an den Branden ® stated that there are two classes of Uimors ot the 
renal pelvis: epitlielial tumors and tumors of mesodenmc ongm, the 
latter being extremely rare. Epithelial tumors are divided into three 
categories according to their pathologic anatomy: papillomas, papillarj 
epitheliomas and sessile tumors. These may be divided into tu o classes 
in accordance with their clinical evolution : papillary tumors of a metasta- 
tic nature which invade the urinaiy mucosa and sessile tumors or tnie 
carcinomas with local development which penetrate neighboring tissues 
and are conducive to metastasis. \ an den Branden stated that one can 
never say with absolute certainU' that a papilloma is benign, the frequency 
of its dissemination rendering it dangerous. Nearly every benign papil- 
loma is potentially malignant: although the process is sometimes slow, 
the development is fatal, death often being due to complications. The 
principal symptoms are hematuria and pain and a perceptible mass, 
the first appearing often early in the condition. Hematuria has inter- 
mittent characteristics and is likely to appear at any time independent 
of fatigue or effort. On the whole, it is painless and frequently accom- 
panied by the passage of clots of blood. The mass is not due to the 
neoplasm proper but rather is the result of hydronephrosis. The increase 
in volume is more rapid than in renal carcinoma. Pain nearly always 
appears in the form of renal colic caused by distention of the renal pelvis. 

The various types of treatment for this condition are: fl) Fulgu- 
ration by the urethral route. (2) Resection of the lower portion of the 


ureter with ureteroneocystostomy. This operation, however, Van den 
Branden considered inadvisable as it leads to atrophy of the kidney. 
He suggested that an operation of a more drastic nature is to be pre- 
1 erred. (3) Nephrectomy with partial ureterectomy. With a single 
incision, that part of the ureter is removed which can be exposed by the 
usual incision for nephrectomy. This operation is indicated for sessile 


lumors in tlie upper part of the ureter or in the renal pelvis. The indi- 
cation is justified by the fact that these tumors develop by continuitv 
and not by dissemination. \ an den Branden reported the following 
results ; patients dying after operation for malignant tumor. 10 per cent ; 
those having recurrence witiiin one year, 64 per cent, and those surr'iving 
tor more than three years without recurrence, 26 per cent. Of the 
aUer. 3 of aS liacl no recurrence in more than six years. In the case 
ru papillomatous tumors. 65 per cent of the patients suffered recurrence 
5u tic ureter. Of the 26 patients ree.xamined. 6 had shown no sign 
oi recurrence in more than three years. (4) Subtotal nephro- 
rcctomy. This operation is performed in one or two sta<-es; in 
•'■1' case, two incisions, one lumbar and one anterior, are made! Van 


c, 


'>• Van (kn Branden. Fernand; Tumeurs du ba= 
" ’"‘^cnat. Sfc. Urol., 1933. p. 


iinet et de Turetere, Fifth 
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den Bianden stated that it was preferable to leave a minimal interval 
of time between the two operations. This particular method, however, 
has not been used very often, the' majority of surgeons preferring to 
complete the operation in one stage and in a more drastic manner. 
(5) Total nephro-ureterectomy with resection of the ureteral orifice. 
The frequency of grafts in the intramural part of the ureter indicates 
its excision. Complete removal complies entirely with all modern and 
leading principles of surgical treatment of tumor. The postoperative 
mortality rate is higher (22 per cent), but the final results obtained are 
of longer duration. An operation in two stages is better sustained, 
although it is advisable not to allow too long an interval to elapse between 
operations. Of 10 patients whose cases had been followed, 7 have 
survived for more than two years, of whom 2 are in perfect health five 
and a half and seven and a half years, respectively, after operation. The 
lower part of the ureter is difficult of access, good visibility for operating 
being difficult to achieve. 

Joly " stated that epithelial tumors of the renal pelvis are distinctly 
rare when compared with neoplasms of the kidney itself. Statistics 
on this point vary greatly, but the average of those available is between 
7 and 8 per cent. Epithelial tumors may be divided into two main 
groups : papillary and the solid growth. Each of these groups has been 
divided into two subgroups. Thus papillary tumors comprise (1) 
benign papillomas and (2) papillar}' carcinomas, whereas solid growths 
have been classified as (I) transitional cell carcinomas, if they arise from 
cells similar to those found in normal transitional epithelium, and (2) 
squamous cell carcinomas, which are formed of cells that have no coun- 
terpart in normal transitional epithelium. 

Joly stated that papillary tumors are the most numerous, comprising 
three fourths of the whole series. Of 337 cases which he collected, 
the tumor was a benign papilloma in 120, a papillary carcinoma in 138, 
a transitional cell carcinoma in 29 and a squamous cell carcinoma in 50. 

In more than half the cases of papilloma, the patients were between the 
ages of 30 and 60, whereas in most of the cases of malignant growth 
the patients were between the ages of 40 and 70. With papillary tumors, 
no predisposing causes have been found. These tumors appear to origi- 
nate in the pelvis of normal kidneys. With solid growths, stone and 
infection are important etiologic factors. This is most marked with 
squamous cell growths, more than half of which arise in cases of calcu- 
lous pyonephrosis. The secondary changes in the kidney usually are 
due to back pressure; hematonephrosis is formed, with atrophy of the 
renal parench 3 'ma due to this pressure. Solid tumors have a greater 

7. Joly, J. S. : Epithelial Tumors of the Renal Pelvis and Ureter, Fifth Cong. 
Internat. Soc. Urol., 1933, p. 211. 
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tendency to invade and replace renal tissue than villose tumors. Pyelog- 
raphy, Joly stated, is the only method by which the di^osis ot 
neoplasm of the renal pelvis could be definitely established. The symp- 
toms of tumors of the renal pelvis resemble those of renal neoplasm 
so closely that it is impossible to distinguish them without the aid o^ 
a pyelogram. The treatment of viUose tumor consists in removal of 
the kidney and ureter. Simple nephrectomy is so often followed by 
recurrences in the ureter that it should be abandoned. When the tumor 
is solid, nephrectom}' with removal of the lumbar portion of the uretei 
usually is sufficient. The prognosis is verj' grave. A recurrence \\as 
found in approximately half of tlie cases of benign papilloma which were 
followed, and in about two thirds of the cases of papillary carcinoma. 
A “cure” has been obtained only rarely when the growth was solid. 
Tumors of the ureter are much less common than those of the renal 
pelvis. They are, how’ever, similar in structure, and the same classifica- 
tion has been adopted. In 101 of 133 cases, the growth was papillary'. 
In approximately half the cases, the neoplasm was found in the lower 
third of the ureter. 


Trauma. — Luccioni® emphasized the importance of early diagnosis 
in cases of combined contusions of the spleen and left kidney, in order 
to make the correct incision with least destruction of the abdominal wall 
and with a minimum of operative shock. Such an association of lesions 
increases the seriousness of the prognosis, and in unfavorable cases death 
ensues rapidly. In Luccioni’s case, however, the patient lived until the 
sixth day despite rupture of the spleen, of the left kidney and of the 
tail of the pancreas. Goinard reported a mortalit}' rate of 50 per cent 
in such conditions; Lathuraz- Violet, 66.6 per cent, and Fiolle, 71.4 per 
cent. ^Yithout surgical intervention, the mortalit}- rate is 100 per cent. 
Diagnosis of the splenic rupture is essential, since this necessitates imme- 
diate operation, whereas repair of the renal lesion is less urgent. Signs 
of internal hemorrhage usually are evident, and the pulse should be 
watched carefully. There may be violent pain in the left side, although 
lumbar pain may predominate. The abdominal wall is contracted, espe- 
cially m the left upper quadrant. Hematuria is marked, usually from 
He first urination. A perirenal hematoma may be felt on palpation, 
he condition usually requires immediate surgical inteiwention too 

regent for cystoscopy, urethral catheterization or, even, intravenous 
pyelography. 

different incisions, but the best, as Luccioni stated 
c^n l!’ that one which, reduced to a minimum for easy cases 

>e readi ly transformed into a wide approach without excessive muti- 


d’abord combinees dans les plaies e 
■ -ions de la rate et du rein gauche. Arch. d. mat. d. reins 7:261, 193; 
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lation of the abdominal wall. It must give a wide view of the left 
kidne}' and of the spleen and expose their pedicles. The main consider- 
ation is to accomplish satisfactor)^ hemostasis. Lastly, the incision should 
not destroy innervation of the abdominal wall and should minimize cut- 
ting of muscles. Luccioni has chosen supra-umbilical, median laparot- 
om}', with which there may be combined, in case of need, the horizontal 
incision of Bazy, the oblique incision of Rio-Branco (upward to the left 
from the umbilicus), that of Sprengel (downward obliquely to the left 
from the tip of the sternum), that of Lecene (more vertically upward 
to the left from the umbilicus) or the dorsolumbar incision of Fiolle. 
Luccioni preferred Fiolle’s incision to the rest because, with no greater 
destruction of the abdominal wall than with the other incisions, it permits 
easier splenectomy and nephrectomy as well as inspection of the tail of 
the pancreas. 

Very rarely is conservative treatment of the spleen possible, and 
partial splenectomy is always hazardous. The renal lesion demands the 
same treatment as an isolated contusion of the kidney. Total nephrec- 
tomy should be done onl)'- if the vessels of the pedicle are torn or the 
parenchyma is crushed into several fragments. If one pole of the kidney 
is torn apart, partial nephrectomy should be attempted; in other cases, 
suture, or even tamponade, or these two combined, may be indicated. 
Drainage of the bed of the spleen will, as a rule, be unnecessary when 
hemostasis is perfect, but drainage of the renal region will usually be 
indicated on account of the separation produced by the perirenal hema- 
toma. Fiolle’s method has the further advantage of permitting drainage 
at the lowest gravitational point without supplementary procedures. The 
incision starts at the axillary line and follows the costal border backward 
along the lower border of the eleventh and twelfth ribs, encroaching 
slightly on the lumbar mass. Both the kidney and the spleen are acces- 
sible by this route, and it permits extraperitoneal approach to the kidney. 

It cuts the eleventh and twelfth intercostal nerves, but spares the ninth. 

It is therefore not destructive and permits ready reconstruction of the 
abdominal wall. 

Stones. — Walters ® stated that removal of branched stones filling the 
pelvis and calices of one or both kidneys frequently has been delayed, 
until symptoms of renal infection or obstruction, with partial renal 
insufficiency, developed. After a decision has been reached as to the 
advisability of removing such stones, the question arises as to whether 
to remove them by pelviolithotomy or by a long incision in the convex- 
portion of the kidney, splitting, the kidne}'- practically in two portions 
and thus extracting the stone. Walters reported that his experience with 

9. Walters, Waltman; Removal of Branched Stones from the Kidney, Proc. 
Staff Meet., .Mayo Clin. 8:468 (Avg. 2) 1933. 
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the latter method has led him to believe that it is impracticable because 
of the serious bleeding that occurs. Therefore, he has used a combina- 
tion of peh'iolithotomv and nephrolithotomy, retracting the rena paicn 
chyma from the pelvis in order to make a larger incision. He stressed 
the value of this procedure because, if patients have little extrarena 
pelvis, it is impossible to retract the renal parenchyma which overlies 
the intrareral portion ot the pelvis for a distance of 1 or 1.5 cm. an^ 
sometimes more, so that, frequently, the division of the pelvis into ii.;: 
calices cannot be visualized. After as much of the stony material as 
possible has been removed through the pelvis, and that u=ualU means 
all but the piece or pieces in the calices, a small opening is made over 
each calix and the remaining portion of the stone is removed by a 
combination of pelviolithotomy and nephrolithotomy. Bleeding from 
openings in the renal parenchyma can be controlled perfectly by the 
introduction of the Pezzer catheters to he used for temporarv" drainage. 

Bliss, Livermore and Prather studied the relation of vitamins to 
the formation of calculi. They used rats, which normally are free from 
urinarv- calculi ; calculi developed in these rats only when they were 
given deficient diets. The results obtained in this study indicate that 
an insufficiency of vitamin A in the diet may be a factor in the formation 
of urinary calculi in rats. In 34 rats of a group of 55 ('61.8 per cent) 
which had been given a diet devoid of vitamins A and D, urinarv- calculi 
developed, whereas e.xamination of 32 animals of a group of 56 (57.1, 
per cent) given a diet devoid of vitamin A revealed stones or sand. From 
forty to seventy days are required for calculi to form in the urinary 
bladder of rats. The urinarv- calculi found during this study were com- 
posed mainly of calcium and magnesium phosphates. 

Kretschmer “ reported 3 additional cases of cystinuria and cystine 
stones. He stated that, except for the complications attendant on the 
iormation of cystine calculi, cystinuria usually is considered a harmless 
anomaly. It is a well recognized clinical fact that among many persons 
'■'ho have cystinuria for many years, or for a lifetime, calculi may never 
develop, whereas in others who do not have cystinuria, calculi develop, 
t is when disease due to a calculus develops that cv-stinuria becomes of 
clinical importance. 

Kretschmer stated that the question of visibilitv- of the cvstine cal- 
kins in the roentgenogram is still far from settled' Thus, Holmes and ’ 
ngg es stated that the order of visibilitv- of urinarv- stones is as follows: 

P tosp latc a nd cystine stones, verv- dense : oxalate stones, next, and urate 

. I'’-'- Livermore, G. R.. and Prather, E O Tr - 

^ ^ Urinan- Calculus Formation, J. Urol. 30 iS 

E-.”* L-: Cystinuria and Cystin Stones. J. Urol. 30:403 (Oct.) 
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Jation of tJic abdowina] wall. It must give a wide view of the left 
kidney and of the spleen and expose their pedicles. The main consider- 
ation is to accomplish satisfactory hemostasis. Lastly, the incision should 
not destioy innervation of the abdominal wall and should minimize cut- 
ting of muscles. Luccioni has chosen supra-umbilical, median laparot- 
omy, with which there may be combined, in case of need, the horizontal 
incision of Bazy, the oblique incision of Rio-Branco (upward to the left 
from the umbilicus), that of Sprengel (downward obliquely to the left 
from the tip of the sternum), that of Lecene (more vertically upward 
to the left from the umbilicus) or the dorsolumbar incision of Fiolle. 
Luccioni preferred Fiolle’s incision to the rest because, with no greater 
destruction of the abdominal wall than with the other incisions, it permits 
easier splenectomy and nephrectomy as well as inspection of the tail of 
the pancreas. 

Very rarely is conservative treatment of the spleen possible, and 
partial splenectom}' is always hazardous. The renal lesion demands the 
same treatment as an isolated contusion of the kidney. Total nephrec- 
tomy should be done onl}^ if the vessels of the pedicle are torn or the 
parenchyma is crushed into several fragments. If one pole of the kidney 
is torn apart, partial nephrectomy should be attempted; in other cases, 
suture, or even tamponade, or these two combined, may be indicated. 
Drainage of the bed of the spleen will, as a rule, be unnecessary when 
hemostasis is perfect, but drainage of the renal region will usually be 
indicated on account of the separation produced b)' the perirenal hema- 
toma. Fiolle’s method has the further advantage of permitting drainage 
at the lowest gravitational point without supplementary procedures. The 
incision starts at the axillary line and follows the costal border backward 
along the lower border of the eleventh and twelfth ribs, encroaching 
slightly on the lumbar mass. Both the kidney and the spleen are acces- 
sible by this route, and it permits extraperitoneal approach to the kidney. 

It cuts the eleventh and twelfth intercostal nerves, but spares the ninth. 

It is therefore not destructive and permits read}^ reconstruction of the 
abdominal wall. 

—Walters ® stated that removal of branched stones filling the 
pelvis and calices of one or both kidneys frequently has been delayed 
until symptoms of renal infection or obstruction, with partial renal 
insufficiency, developed. After a decision has been reached as to the 
advisabilit}' of removing such stones, the question arises as to whether 
to remove them by pelviolithotomy or by a long incision in the conve.x 
portion of the kidney, splitting, the kidney practically in two portions 
and thus extracting the stone. Walters reported that his e.xpcricnce with 

9. Walters, Waltman: Removal of Branched Stones from the Kidney, Proc. 
Stafir Meet., Mayo Clin. 8:468 (Aug. 2) 1933. 
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the latter method has led him to believe that it is impracticable because 
of the serious bleeding that occurs. Therefore, he has used a combma- 
tiou of pelviolithotomy and nephrolithotomy, retracting the renal paren- 
chyma from the pelvis in order to make a larger incision. He stressed 
the value of this procedure because, if patients have little extrarenal 
pelvis, it is impossible to retract the renal parenchyma which overlies 
the intrarenal portion of the pelvis for a distance of 1 or 1.5 cm. and 
sometimes more, so that, frequently, the division of the pelvis into its 
calices cannot be visualized. After as much of the stony material as 
possible has been removed through the pelvis, and that usual!}' means 
all but the piece or pieces in the calices, a small opening is made over 
each cali.x and the remaining portion of tire stone is removed by a 
combination of pelviolithotomy and nephrolithotomy. Bleeding from 
openings in the renal parenchyma can be controlled perfectly by the 
introduction of the Pezzer catheters to be used for temporary drainage. 

Bliss, Livermore and Prather studied the relation of vitamins to 
the formation of calculi. They used rats, which normally are free from 
urinary calculi; calculi developed in these rats only when the}' were 
given deficient diets. The results obtained in this study indicate that 
an insufficiency of vitamin -A. in the diet may be a factor in the formation 
oi urinary calculi in rats. In 34 rats of a group of 55 (61.8 per cent) 
which liad been given a diet devoid of vitamins A and D. urinary calculi 
developed, whereas examination of 32 animals of a grovtp of 56 (57.1, 
]>er cent) given a diet devoid of vitamin A revealed stones or sand. From 
tony to seventy da}'s are required for calculi to form in the urinary 
bladder of rats. The urinary calculi found during this study were com- 
J’Osed mainly of calcium and magnesium phosphates. 

Kretschmer repxrrted 3 additional cases of cystinuria and cystine 
^tonc.s. He stated that, except for the complications attendant on the 
ormation of cr-stine calculi, cystinuria usually is considered a harmless 
ononialy. It is a well recognized clinical fact that among many persons 
o m have cystinuria for many years, or for a lifetime, calculi may never 
op, whereas in others who do not have cystinuria, calculi develop, 
when disease clue to a calculus develops that evstinuria becomes of 
clmicnl importance. 


wetsebmer stated tliat the question of visibility of the cystine cal- 
roentgenogram is still far from settled. Thus, Holmes and ' 
that the order of visibility of urinary stones is as follows; 

_ h ^ate a nd cystine stones, very dense ; oxalate stones, next, and urate 

‘ '• ViaS' I-' Prather, E. O., Jr.; The Relation 

nXen 19JJ ^ Urinarj' Calculus Formation, J. Urol. 30:639 
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stones, least dense. Harris stated that older reports in which it was 
stated that cystine stones were not opaque are erroneous, and according 
to Lewis, the general opinion seems to classify the stones as shadow- 
casting (often faint). Thomas and Roda are also of the opinion that 
cystine stones cast a distinct shadow. Hicks said that small cystine 
stones are only slightly, or not at all, opaque to roentgen rays and, 
consequently, this means of diagnosis is not important in their detection. 
It would seem, therefore, that among patients with a history of renal 
colic whose urine contains cr)'stals of cystine or who give a positive 
reaction to the test for cystine and a negative roentgenogram, repeated 
examination with the wax-tipped catheter is in order. Kretschmer stated 
that the treatment of cystine stones does not differ from that of any 
other type of stone in the urinary tract, and that most investigators 
agree that the treatment of choice is surgical. It has been known 
for a long time that cystine is soluble in an alkaline solution, and the 
administration of alkalis is recommended, not only to cause disintegra- 
tion of a stone, but also to prevent the formation of stones in cystinuric 
persons, or to prevent the recurrence of stones after such patients have 
been operated on. Because of the tendency of this type of stone to 
recur, the value of surgical treatment has been questioned, and attempts 
have been made to produce disintegration of the stone by the internal 
administration of alkalis. 

. Walters and Castleton stated that the greatest problem is not sur- 
gical removal of cystine calculi, but prevention of their recurrence. 
Cystine is a complicated oi'ganic compound belonging to a group of 
amino-acids, and is the only compound in this group that contains sul- 
phur. Normally, cystine originates from catabolism of protein, either 
endogenous or exogenous. Normally, also, there is a trace of cystine 
in the urine, averaging 4 mg. per hundred cubic centimeters. Crystals 
are not found normally. In cystinuria, there is usually about three 
times that amount, and crystals may or may not be present. Cystine 
may be found in the urine in the form of hexagonal, colorless, highly 
refractile crystals, or in the form of needles. In alkaline urine, crystals 
are not found, the cystine remaining in solution. Cystine stones are 
yellowish and waxy, with a somewhat semitransparent luster. They 
, may be of any size, and cases have been recorded in which the stones 
weighed 50 Gm. They may be pure cystine, or they may contain admix- 
tures of other urinary constituents. The finding of crystals of cystine 
in the urine determines the diagnosis of cystinuria. However, as noted 
previously, cystinuria may be present without the crystals. 

12. Walters, Waltman, and Castleton, K. B. : C 3 'stine Renal Calculus, West. 

J. Surg. 41:622 (Nov.) 1933. 



SCHOLL ET AL.--UR0L0G1C SVRGERY 


161 


Walters and Castleton stated that if crystals of cystme are presen 
in the urine, it does not mean that calculi are present. They stated 
that many cases are known, especially those of relatives of patients 
who had cystine stones, in which crj-stals of cystme had been present m 
the urine for many years without any evidence of formaUon of stone. 
Patients of any age may be affected. They said that there is a difference 
of opinion concerning the visibility of cystine stones in roentgenograms. 

In some cases the stones have been shown clearly. Cystine calculi rarely 
are pure, and, if they contain a considerable amount of calcium, they 
mav cast a clear shadow. In the past, treatment has been discouraging 
and unsatisfactory owing to the tendencj' toward recurrence of the 
calculi. The new dietary control of the urinary reaction will be a great 
improvement in the future. The first, and usually the simplest, step is 
removal of the stone. The main problem is prevention of recurrence, 
and for this purpose a diet low in protein and constant alkalization of 
the urine have long been recommended. 

Tuberculosis . — Lieberthal and Huth stated that the normal kidney 
does not e.xcrete bacilli of tuberculosis. These bacilli in the separated 
renal urine always come from the caseous centers of disintegrated tuber- 
culous lesions which are in open communication with the renal pelvis. 
Tuberculous lesions in the kidney often are accompanied by a variety of 
secondary nontuberculous degenerative, inflammatory or sclerotic changes. 
In Lieberthal and Hutli’s opinion, the inflammatory foci described 
by various im-cstigators as tuberculous nephritis are secondarj' nontu- 
berculous inflammatory changes. Bacilluria in these cases unquestion- 
ably is caused by undiscovered minute ulcerative tuberculous lesion of 
the kidney. Xephrosis may develop as the result of pulmonary tuber- 
culosis. The occasional appearance of glomerulonephritis in such cases 
!s due to secondary infection of the tuberculous pulmonary cavities. 
I he bacillus of tuberculosis or its toxins does not produce nephritis. 

Lie\)erthal and Huth stated that in the presence of such an incipient 
ulcerative tuberculous lesion in the kidney the separated renal urine 
may not contain pus ccll.s, the kidney may reveal no functional defect, 
•uid the bladder may be normal on cystoscopic examination. Such early 
a^irais occasionally may heal and. in the author’s opinion, they are 
Te>5-vnis!ble for the tramsient tuberculous bacilluria which sometimes 


IS 


observed. 

rienhne=‘ reviewed the literature and reported 97 cases in which 
.q.nnw.omy had been perfonned for tuberculosis. In 34 cases the 
'^ wma sym ptoms complained of were: symptoms referable to the blad- 
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del. 85.0 per cent; pain in the kidney, 76 per cent; cloudj'^ urine, 50 
per cent; hematuria, 44 per cent, and general symptoms, 35 per cent. 
Henline stated that the diagnosis is established primarily by pyelographic 
observations, with evidence of a decrease in renal function in advanced 
cases. Intravenous urography is a distinct aid in some cases but cannot 
replace pyelography. Bilateral pyelograms should be made as a routine 
measure, if the ureters can be catheterized. 

Henline said that nephrectomy followed by proper medical treatment 
offers the only hope of arresting destructive unilateral renal tubercu- 
losis. As much of the ureter should be removed as is possible through 
the renal wound. Nephrectomy should be performed in those cases in 
which a destructive lesion in one kidne 3 '^ is manifest with good function 
of the remaining kidney, that is, when the second kidney can be shown 
pyelographically to be only slightly, if at all, affected. The operative 
mortality rate was approximately 3 per cent, and it was highest among 
young patients. Henline concluded his article by stating that medical 
*care is an essential part of the treatment of renal tuberculosis and should 
be carried out by one thoi'oughly familiar with this work. 

Seidman cultured 89 tuberculous specimens (81 of which were 
urine from the bladder or the kidney) from 45 patients ; bacilli of tuber- 
culosis were isolated from 60, or 67.4 per cent, of the specimens, and 
from 39, or 86.6 per cent, of the patients. With 14 of the positive 
cultures, no acid-fast bacilli had been seen in the direct smear of con- 
centrated sediment. From 14 specimens, in connection with which 
acid-fast bacilli had been seen in the direct smear, no growth was 
obtained. Fifteen specimens in which both cultures and direct smear 
were negative produced tuberculosis in guinea-pigs on inoculation. Seid- 
man stated that a growth of bacilli of tuberculosis was obtained on 
Corper’s crystal violet potato C 3 dinder from 54 per cent of the positive 
sediments, on Petroff’s coagulated egg medium from 69.1 per cent and 
on Sweany’s milk, meat infusion, egg and cream medium from 71.6 
per cent. Corper’s potato medium is more satisfactory than these results 
indicate. 

In this study, Seidman found that the shortest interval for primary 
isolation of bacilli of tuberculosis b 3 ’^ culture was sixteen days. Growth 
was obtained within three weeks from 18.3 per cent of the positive 
specimens, in 7 per cent of the inoculated culture tubes. Inoculation 
of guinea-pigs still appears to be superior to cultures for the diagnosis 
of tuberculosis in cases in which the condition is suspected. 

Polycystic Disease. — Braasch and Schacht collected data from 193 
cases seen at the Mayo Clinic in which the diagnosis had been poly- 

15. Seidman, L. R.: Routine Culture of Urine for Tubercle Bacilli, J. Urol. 

30:195 (Aug.) 1933. ^ 

16. Braasch, W. F., and Schacht, F. W.: Pathological and Clinical Data 

Concerning Poh’cystic Kidney, Surg., Gynec. & Obst. 57:467 (Oct.) 1933. 
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cvstic kidney. Many of the patients returned for subsequent examina- 
tion, and it was possible to confirm clinical data previously obtained. 
In tins group were included 85 patients who were operated on for various 
renal complications occurring with polycystic disease, or who disclosed 
abnormal renal conditions in the course of operation for other abdominal 
lesions. Records of necropsy made at the clinic were available in 9 cases, 
and operative specimens were obtained in 10: therefore, histologic 
studies were possible in 19 cases. In addition, the observations made 
at postmortem examination were available in many cases in which death 
occurred after the patients had returned to their homes. The incidence 
of congenital polycystic kidney as found at postmortem examination 
at the Mayo Clinic was 9 in 9,171 cases, or a ratio of 1; 1,019. The 
incidence noted clinically was 193 in 680,000 registrations, or 1 : 3,523. 

Braasch and Schacht stated that the average age of patients at the 
onset of symptoms was 38.8 years. The average duration of life of 
patients reported dead had been fifty years. There was definite evidence 
of a hereditary trend. systolic blood pressure of 145 mm. of mercury 
or more was found in 61 per cent of the cases, and the diastolic blood 
pressure was more than 90 mm. in 55 per cent. Laboratory' evidence of 
renal insufficiency was present in more than 60 per cent of the cases. 
Surgical complications occurred in approximately 30 per cent. 

The most common symptom was dull pain, usually in either renal 
region. Urinary symptoms of moderate frequency and dysuria often 
were o!).«cr\ ed. Gross hematuria occurred in approximately 33 per cent 
of cases and sometimes simulated that occurring with neoplasm. The 
first clinical symptoms were frequently those of renal insufficiency, 
although a remarkable degree of tolerance often was noted in the pres- 
ence of advanced renal destruction. The prognosis varies largely with 
the degree of renal dysfunction. If renal function remains normal, the 
prognosis is good ; even moderate reduction of renal function may remain 
MaUnuarv for as many as ten or fifteen years. E.xpectancy of life will 
average almost fifty years, although patients frequently are observed 
V lo arc more than 60 years of age. The hereditary nature of the disease 
Miould discourage the liearing of children, and sterilization should be 

CeinM<k’Vc6 


Meland and Braasch^- stated that “multilocular evst of the kidney” 
u. a collection of cysts within a cyst. They expressed the belief 
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cysts seen at the clinic, the condition was found incidentally at post- 
mortem examination. None of the patients had had symptoms referable 
to the urinary tract. In the other 3 cases seen at the clinic, as well as 
in the 4 included from the literature, operation was performed, and 
in all cases evidence was present which directed surgical attack on the 
kidney. 

The 6 cases seen at the clinic were reported in detail, and these, 
together with the reports of the 4 cases in the literaturg, indicated that 
the cysts vary in size from 3.5 by 4 cm. to 9 by 10 cm. The number 
of cystic cavities varied from 3 to 4 to several dozen (in 2 cases). The 
cavities were separated by complete septums in all three cases. Micro- 
scopically, the cysts were identical with solitary serous cysts. The walls 
of the cysts were composed of compact fibrous tissue in 9 cases. Rem- 
nants of renal tubules and glomeruli were present in the walls of the 
cysts in 4 of the cases seen at the clinic. In 8 of the cases there was 
a definite epithelial lining, columnar in 3, cuboidal in 2 and flattened 
in 3. In 2 cases there was no lining epithelium. There was definite 
evidence of atrophy from pressure in the region adjacent to the cyst 
in 4 cases. Of the 9 cases in which the kidney was available for study, 
the renal substance was normal in 5 ; in 2 there was evidence of chronic 
slight glomerulonephritis, and in 1 the kidney was normal e.xcept for 
the presence of many small cysts. 

Meland and Braasch stated that 2 patients sought medical advice 
because of a noticeable tumor, and that 2 had pain in the renal region, 
a palpable tumor being discovered at the time of examination. One 
patient had had repeated renal colic on the left side and a functionless 
left kidney; the absence of function was due to an impacted ureteral 
stone. Meland and Braasch further stated that multilocular cysts and 
solitary serous cysts haA^e several features in common: Both are uni- 
lateral; the walls of the cysts are identical in structure; both involve 
similar and localized regions of the kidney, and the symptoms of both 
depend on the size and the situation of the cysts. 

Nephropexy.— Mathe reviewed the history of nephropexy, pointing 
out its popularity at the end of the last centur}^ at rvhich time surgical 
suspension of the kidney had been perfected to the point that the per- 
centage of failures had been reduced to a minimum. Many surgeons, 
eager to follow the new fashion, little heeded the criteria for operation 
advised by sane-thinking urologists, namely, pain, obstructive phenom- 
ena, persistent infection and gastro-intestinal symptoms, and they fixed 
movable kidneys that rvere causing no symptoms. Others employed 
methods that did not gir^e lasting fixation. The result was that in many 

18. Mathe, C. P.: Nephrope.xy: Present Day Status and Description of New 
Technique, Surg., Gynec. & Obst. 57:538 (Oct.) 1933. 
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instances operation gave IMe relief because it had been improperly done 
and because it had been depended on to relieve renal obstruction that 
did not exist. This led many surgeons to give up nephropexy, and thus 
the pendulum swung far and wide to such an extent that the patent in 
Dietl’s crisis, owing to strangulation of a movable kidney, had difficulty 
in obtaining surgical relief. Mathe pointed out that nephropexy is still 
lield in disrepute by certain surgeons and urologists, who emphasize 
the failure of this operation in cases in which, as usual, it has been 
wrongly applied, and who rvilfully or blindl}' fail to recognize its bene- 
ficial results in numerous other cases. Many urologists are correctly 
.performing nephropexy. The correct application of this procedure 
• has been due to the development of urography, by means of which 
renal ptosis, ureteral angulation and changes in the kidney due to back 
pressure can be demonstrated. 

Mathe described a new technic for surgical suspension of the kidney 
by means of its fibrous capsule, by which a satisfactory high suspension 
can be achieved and maintained, the height of suspension regulated and 
lasting fixation assured in a position that will maintain good drainage 
of urine and relief from symptoms. This consists of taking trventy day 
triangular chromic catgut sutures in the upper pole, in the middle region 
or in the junction of the middle region and lower pole, depending on 
the height of fixation desired. Suspension at a greater height can be 
obtained by placing these sutures lower in the kidney. The sutures are 


passed through the musculature above the twelfth, and sometimes the 
eleventh, rib by means of a Reverdin needle. In this way high fixation 
of the kidney is obtained, thereby taking up any slack that may exist 
in the ureter and assuring the straightening of any kinks which may be 
present. A third, similar triangular suture is taken in the posterior sur- 
tace of the kidney in the region of the lower pole, and this is anchored 
to the musculature below’ the tw’elfth rib in order to steady the kidney’ 
2nd to prevent torsion or lateral displacement. IMathe emphasized three 


nuixirtant steps which are usually necessary for successful nephropexy : 
nreterolysis, renal sy'mpathectomy and partial decapsulation. Ureterolysis 
always performed, by which the upper portion of the ureter is dis- 
Hcted free from the surrounding structures, as a routine measure, in 
order to eliminate any pressure that may be exerted thereon by aberrant 
W'ssds. or a fibrous band, which, left untouched, may defeat the purpose 
o! the operation. Renal sympathectomy is employed only in cases pre- 
Auung pam Partial decapsulation is carried out W’hen there is concomi- 
' perinephritis in which the fibrous capsule of the kidnev consists of 

be suspension is obtained 

•r.-lK of ^ between the kidney and the posterior and superior 

the patient in bed in the Trendel- 

pn^itinn lor three weeks. 
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Tlic lesults obtained from this method in numerous cases were 
very satisfactory. Routine postoperative pyelographic study demon- 
strated tliat the kidney was permanently fixed in a sufficiently high 
position to free the ureter from kinks, and the results from the employ- 
ment of this method thus surpassed those of all other methods formerly 
employed hy Mathe. 

A Nezv Surgical Tccliuic . — ^Lowsley and Bishops® stated that flat 
ribbon gut may be used successfully for the purpose of closing wounds 
in the renal cortex- without inserting a needle or suture through the i-enal 
substance. A wound in an}- part of the renal cortex may be repaired 
b}' this method. The ribbon gut can be held in the proper situation by 
means of small loops of fibi'ous capsule. This method of closing a 
wound in the renal cortex is an acceptable surgical procedure, because 
it provides adequate approximation and results in satisfactory anatomic 
repair of the kidney; it is also compatible with life and health. 

Stasis . — Rose and his associates,-® from an analysis of 385 pyelo- 
grams and histories, found evidence that a renal pelvis which generally 
would be accepted as normal can be so shaped and so related to the 
parenchyma as to interfere with the free flow of urine, either in the 
entire pelvis or in a portion thereof. Such a renal pelvis is termed 
“d)''suric.” The anal 3 -sis of p 3 '’elograms on the basis of d 3 'suric factors 
gives functional individuality to all renal pelves and ureters. 

Rose and his associates stated that the final importance of such a 
condition in the peh-is lay in the fact that, in permitting urinaiy stasis, 
calculi are formed, infection is incited and continued and idiopathic 
hematuria and nephralgia may result. The facts given are of value in 
defining the etiologv, in instituting and continuing treatment and in 
determining the prognosis in renal disease. 

Pnenmonephrosis. — Mathe and de la Pena reported a case of a 
rare disorder of the kidney known as pneumonephrosis. It occurred 
in a case in which the formation of an advanced stricture completely 
occluded the lower portion of a ureter, resulting in hydro-ureter and 
hydronephrosis. Infection of the resulting closed sac by colon bacilli 
resulted in huge distention of the pelvis by pus and gas, entirely destroy- 
ing the upper portion of the double kidne 3 ^ in which it occurred, ihc 
patient presented characteristic symptoms, and the condition was diag- 

19. Lowsley, O. S., and Bishop, C. C: A New Method of Repairing Rulney 
Wounds, Surg., Gynec. & Obst. 57:494 (Oct.) 1933. 

20. Rose, D. K.; Hamm. W. G.; Moore, S., and Wilson, H. ^t.: Kidney 
Pelves; Normal Variations in Their Shape and Flow with Possible Pathologic 
Significance, Surg., Gynec, S: Obst. 57:1 (July-) 1933. 

21. Mathe, C. P., and de la Pena, E.: Pneumonephrosis: Report of Case. 
Urol. & Cutan. Rev. 37:732 (Oct.) 1933. 
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nosed by a characteristic roentgenographic picture ; the diagnosis was 
proved by operation., and relief was obtained by a two-stage nephrectomy 
jMathe and de la Pena emphasized and recommended the emplorment 
of two-stage nephrectomy for patients weakened and debilitated by the 
toxic effects of encapsulated renal or perirenal infection. In their case, 
the first stage, consisting of incision and drainage, permitted^ the patient 
to regain his strength and to recover from the effects of toxic and 
pressure symptoms, thus assuring successful performance of the second 
stage of the operation, which consisted of extirpation of the diseased 
kidney. 

PERIREXAL ABSCESSES 


Vermooten" stated that acute suppurative perinephritis (perine- 
phritic abscess) secondary to bacterial (staphrdococcic) emboli in the end 
arteries of the perinephrium is a definite clinical entity and need not 
have any relation to the kidney, except for the fact that the perinephrium 
happens to surround that organ. This disease is merely one of the 
end-results of staphylococcic bacteremia or septicemia. Metastatic 
staphylococcic abscesses, which develop from staphylococcic emboli, 
occur not only in the kidney and all the various organs of the body, 
but they also may and probably do occur in the perinephrium on one 
or both sides, resulting in acute suppurative perinephritis or perinephritic 
abscess. The abscess resolves readily with simple incision and drainage. 
These metastatic abscesses in the kidneys are practically always bilateral. 
They may occasionally be associated with a similar lesion in the peri- 
nephrium, and at times one or more of them may ulcerate through the 
renal capsule and form a secondary or perinephric abscess. 

Vermooten stated that this lesion is a disease of the perinephrium, 
which is substantiated by the absence of pus cells in the urine in the 
majority of the cases of staphylococcic perirenal abscesses, the prompt 
subsidence of symptoms after incision and drainage of the abscesses, 
the common finding of a normal kidney partly or wholly surrounded by 
pus at the time of operation and the similar finding at necropsv. Ver- 
niooteii concluded that this perinephric lesion can be distinguished from 
a true perinephritic abscess by the presence in a case of the latter tr-pe 
of pus and organisms in the urine, the persistence of these inflammatory 
products after drainage ot a perirenal abscess, the long continued drain- 
ing sinus or the formation of a urinary sinus after incising and drainin- 
one of these abscesses, the presence of calculous or tuberculous disease 
01 the kidney, the occasional finding of a large solitarv abscess of the 

Kiilucy at operation and the common finding of multiple bilateral renal 
'I'l'Ccsscs at necropsv. 
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URETER 

Stone. Rolando noted that a calculus may remain months or years 
m a ureter without doing great harm or causing great pain. The ten- 
dency today is to limit the operative treatment to as little as possible. 
Operation by the classic incision is simple, sure, and may often be done 
quite rapidly. 

To establish the position of the stone, Rolando makes a ureterogram 
with the patient in the Trendelenburg position, and repeats the procedure 
immediately before operation. He recommends the wearing of a pair 
of cotton gloves outside of the rubber gloves, since in these cases exces- 
sive lubrication constitutes a disadvantage. When the stone is juxta- 
vesical, it can be displaced upward by a finger in the vagina or the rectum. 
An assistant should be instructed how to do this, as it simplifies and 
shortens the operation. The incision begins about 4 cm. above the 
anterosuperior iliac spine and extends mesially to the lateral border of 
the rectus abdominis muscle, 1 cm. above the crural arch. Section of 
the muscle begins at the top and continues down to the subperitoneal 
adipose tissue. The peritoneum is separated, the iliac artery isolated 
and compressed and the pelvic ureter finally isolated. Two types of 
cases may present complications: (1) Cases in which the stone is 
engaged in the juxtavesical segment. Here it is necessary to isolate 
the ureter until the point where it crosses the vas in the male. A 
number of small veins may have to be cut. If the stone is not discovered 
at the moment of operation, the pelvis is explored with the index finger, 
combined palpation being performed with the surgeon’s finger in the 
small pelvis and the assistant’s in the rectum or the vagina. With strong 
light and well placed retractors, it is easy to isolate the stone, the assis- 
tant pushing it up by vagina or rectum. (2) Cases in which the ureter 
at the level of the stone is sheathed by an indurated mass. It is fortunate 
that this type is not common for it presents a great difficulty, especially 
if there is marked periureteritis. To prevent lacerating the large veins, 
one should operate close to the ureter, but there are cases in which the 
ureter may not be recognizable in the mass that surrounds and penetrates 
it ; here, it is better to give up the idea of isolating it and to open the 
canal in the iliac or parietal segment, that is, in the free tract above 
the mass, and extract the calculus with small stone forceps. Operation 
should be reserved for stones of 2 cm. or more in diameter; for smaller 
ones, endoscopic maneuvers are preferable. 

[Compiler’s Note. — Ureterolithiasis may present various problems, 
but, as Rolando stated, in most instances when the stone is smaller than 
the ph 3 ^siologic lumen of the ureter, it may pass spontaneously or by 

23. Rolando, Silvio: Observations sur la lithiase iireterale, J. d’urol. 36:145 
(Aug.) 1933. 
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cvstoscopic matieuvers. In these cases it is desirable to recognize the 
vlke of an indwelling ureteral catheter in an effort to secure dramage, 
relieve infection and further dilate the walls of the ureter thus assisting 
the passage of the urinary calculus and preserving renal function.] 

?/ij'«o/ogy.~Cusani denuded of its adventitia a tract of ureter 
var>-ing from 1 to 3 cni. in length, in dogs, with a view to getUng a 
better understanding of the physiopatholog}' of hydronephrosis, in 
nearly every one of his 10 experiments this gradually produced dilata- 
tion along the ureter above the tract denuded, rvhich frequently continued 
up into the renal pelvis and finally, after a lapse of several months, 
into the calices and even into the renal parench 3 ’ma. In a late stage, 
the solid parts of the kidner' tended to disappear progressively through 
atrophy ; the glomeruli formed small cysts, with atrophy of their vascular 
loops, and the tubules were reduced to cords of epithelial cells or dilated 
segments which in some places appeared to be similar to true cystic 
dilatations. In cases like these, w'hen obstruction is not the cause of 
the phenomena observed, it must be that the ectasia of the tubular 
apparatus of the kidney and its excretory duct, with all the other changes 
described, is the result of dystrophic disturbance of the wall comparable 
to what is recognized as the cause of polycystic kidney. This disturbance 
is evidently due to interruption of the nerve supply resulting from 
removal of the adr-entitia, and it is betrayed in a purely dynamic factor, 
since the abnormal dilatation evidently leads to marked disequilibrium 
of the entire hydraulics of the renopyelo-ureteral system, a disequilibrium 
which, as can readily be seen, may have an injurious effect on the walls 
of all the glomeruli and tubules. It is to this dynamic factor that Cusani 
wishes to draw attention as a means of explaining so many clinical 
disturbances which, although without characteristic signs in their early 
stages, may culminate in the picture of a renal colic. Recent observ'a- 
Uons of Blatt, Caporale, Cusani and others seem to demonstrate that 
peristalsis of the ureter and renal pelvis is regulated by neurogangUonic 
automotor centers situated in the adventitia of their walls, and that a 
lesion of these centers gives rise to pyelo-ureteral dilatation through 
paralysis and atony of the musculature. Such studies constitute a sound 
experimental basis for the dynamic theory as a means of unifying the 
^lysiopathology and pathogenesis of different forms of hydronephrosis 
m hydronephrosis from calculosis, in addition to an obstructive 
trlT’ involving the muscular wall and pvelo- 

: in other words, a primary mechanical factor has 

^ presupposes a profound lesion of the central, 

SuUc altcrazioni a tipo idronefrotiche nel rene consecutive 

ncrmrf'fcr-ii.. j- , - '-'^“^ecuine 


24. Cuf 


iui, M. 


Mn-.^aiiccctomla iKriurcterale. .Ann. ital. di chir. U-.loia (5^30) 1932 . 
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periplieral and syinpatljetic neuromuscular system which may be the 
result of compression, stretcliing, inflammation or, as frequently occurs, 
of infection. 

Tiiiitoi s. Snydei and Wood reported a case of primar}'’ carcinoma 
of the ureter. Tlie cardinal symptoms of pain and hematuria were 
present, but there was nothing in the history to distinguish the condition 
from other, more common urinary disturbances. Catheterization and 
p\-elograms revealed an obstructing lesion low in the right ureter, which, 
coupled with the physical signs of a mass in the right lower abdominal 
(juadrant, suggested ectopic kidney. They stated that, in view of the 
condition found at operation and at necropsy, it seemed probable that 
a successful result might have been expected if the patient had been 
seen earlier in the disease. Excision of the growth followed by nephrec- 
tomy, which was the treatment indicated, could not be carried out because 
of the poor condition of the patient. Death was primarily due to obstruc- 
tion of the ureter, which in turn resulted in destruction of the kidney, 
with accompanying infection, ending in generalized loss of resistance and 
final overpowering infection. Snyder and Wood stated that ureteral 
tumors, like vesical tumors, as a rule metastasize late, making early 
operation with resection of the growth a worth-while objective. 

Kirshbauin reported 5 cases of true metastasis to one or both ure- 
ters, with the observations made at necropsy. The presence of tumor 
cells within lymph vessels of the ureteral wall was offered as the criterion 
of the true metastatic nature of the tumors. The ureter as a site of 
metastasis is very rare, only 11 cases having been i-eported in the litera- 
ture exclusive of Kirshbaum’s cases. True metastasis to the ureters 
should not be confused with invasion of the ureters by extension from 
such nearby organs as the uterus, prostate gland and urinary bladder 
when they are primarily involved. One of Kirshbaum’s cases indicates 
that Hodgkin’s lymphogranuloma behaves like a malignant tumor. In 
this case, nearly all the organs, including the ureters, were the site of 
granulomas which did not differ, in the way of spreading,, from the 4 
carcinomas. 

25. Snyder, W. H., Jr., and Wood, B. S. : Primary Carcinoma of the Ureter, 

J. Urol. 29:577 (May) 1933. 

26. Kirshbaum, J. D. ; Metastatic Tumors of the Ureters, J. Urol. 30:665 
(Dec.) 1933. 


(To be concluded) 
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During thirteen and a ciuarter years, one oi us (E. R. E.) made 
or took part in 1,278 postmortem examinations of the bodies of persons 
who at the time of death had fresh or recent traumatic linear fractures 
of the cranium such as usually are produced by blunt force. Fractures 
due to bullets or other missiles are not included in this group, nor are 
cleancut sharply localized perforating wounds of the cranium due to 
cutting implements or weapons. Twenty-si.x of the 1,278 fractures 
were in persons not more than 1 year old; 45, in persons from 1 to 
10 rears of age and 29, in persons between the ages of 11 and 20 years. 
This proportion of fractures in adults, 1.178 of the 1,278, is about 
the same as Vance found in 507 similar fractures, with 66 in persons 
in the first two decades of life. From time to time, publications have 
issued from different clinics and hospitals based on the clinical and 
anatomic observations on fractured skulls during certain periods." It 
IS interesting to find in examining such studies that the features of 
cranial fractures encountered a few decades ago are different from 
those now prei'alent. In the large series analyzed by Vance, ^ as well 
as in those furnishing material for our study, long radiating fractures 
are numerous. A number of years ago, localized fractures with com- 
minution and depression were relatively more common. This change 
IS undoubtedly a result of the increase in accidents from motor vehicles. 

During our postmortem examinations, the course of the fractures 
was carefully drawn on printed charts. As a routine measure the 


From the Norman Bridge Pathological Laboratori- of Rush Medical College. 

1. \ ance, B. -M.-. Fracture of the Skull : Complications and Causes of Death • 

St, rTAV”’ Hundred and Twelve Necropsies and of Sixty-One Cases 
Studied Chmcally. Arch. Surg. 14:1923 (Mar) 1927 

2. (ol Dwight. E MC: A Study of One Hundred and Sixty-Nine Autopsies 

Min, EnVjs-ii ,M3. ScWnlvnrktac „„d sd„« Schiefeak, Bd„. a. 
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diagrams thus made were compared with the fractures by a second, 
and often a third, person to confirm their accuracy. Tension was 
made to spread open the fractures, fragments being pulled apart 
slightly to determine the limits and connections of the fissures. In 
examining these sketches recently, it was found that some of the 
fractures -were distributed equally on the right and left sides of the 
skull, or that fractures coursing in the sagittal midline had broken 
the cranium in lateral halves. The resulting symmetry of fractures 
and fragments is by no means perfect in the 80 selected from the 
1,278 fractures because of such characteristics.^ In a few, the sym- 
metry is beautiful, but in most of the 80 there are some deviations 
or irregularities ; however, there are not enough for their inclusion 
with the more perfect fractures to lessen their usefulness in this study. 

A great deal of attention has been devoted to the way the skull 
breaks from external blunt violence.^ Many of the investigations have 
been experimental. The desire to compare accepted views regarding 
the mechanism of linear skull fractures with the information available 
concerning the SO fractures was both natural and resistless. Experi- 
ments have failed to reproduce similar symmetrical fractures with 
any regularity. The symmetry or approach to symmetry in the 80 
fractures suggested a greater likelihood of obtaining notions from them 
of how craniums break than from a study of the usual run of 
skull fractures from which they were selected. Almost one half of the 
SO are ring-shaped fractures about the foramen magnum, mainly in the 
posterior fossa, or spread out so as to include the posterior fossa and 
also portions of the middle fossa and the vault. 

We have not attempted to fix the time definitely when the casual 
relationship of the spine and the weight of the body and its extremities 
to ring fractures about the foramen magnum was first fully under- 
stood. New ideas are often announced independently from several 
sources and sometimes at intervals of many years before they are 
integrated and conventionalized. So far as French literature is con- 
cerned, there is some indication that the explanation by Berchon ® 
in 1862 of a ring fracture of the base of the skull was novel. The 

3 . Symmetrical fractures of the mandible, of other bones of the face and of 
the zygomatic arches have been omitted. 

4. Two other articles on skull fractures based on some of this series of 1,278 
fractures have been published: (a) Le Count, E. R., and Apfelbacli, C. W. . 
Pathologic Anatomy of Traumatic Fractures of Cranial Bones, J. A. M. A. 74: 

501 (Feb. 21) 1920. (b) Apfelbach, C. W.: Studies in Traumatic Fractures of 

the Cranial Bones, Arch. Surg. 4:434 (March) 1922. 

5. Berchon, E. : Fracture communicative du frontal avec enforcement des 
fragments et irradiations nombreuses et etendues, Bull. Soc. anat. de Pans, series 
2, 7:80, 1862. 
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fracture occurred in a man who fell into the hold of a ship that \\as 
under construction (fig. 1). Berchon made a complete break from 
traditional explanations of fracture hy contrecoup and said that the 
basilar fracture was direct and produced by the shock of the cervical 
vertebrae charged with all the weight of the body. Trclat, in discussing 
Berchon’s report, frankly said that this was a new way of accounting 
for such fractures. Previous to this time, Trelat had made two note- 
worthy contributions to the subject of skull fractures.® He also had 
described a ring fracture in the posterior fossa in a report on a 
necropsy which was added to a clinical account by Tamier.' In this 
case, a man, aged 50, had fallen headlong out of a window onto 
a paved court and died at once. Interest in his injuries apparently 



Fig- 1.— The ring fracture reported by Berchon in 1862. (From Berchon; Bull. 
Soc. .-tnat., series 2, 7:80, 1862.) 


was mainly in a torn articular cartilage of the left knee, for Broca, 
*ano, \erneuil and Bourcy discussed Tarnier’s presentation without 
inentioning the cranial fracture. Although Trelat said, in describing 
t ie fracture, “H resulte de la multiplicite de ces lesions et de la 
direction des lignes suivies par dies, que la partie centrale de la base 
I!! d’anneau irregulier completement inde- 

Carllo" r' M la colonne 

But V u production 

heard Berehon’s report seven years later, he recaHed 

con- 

7 Turner- 10 ' u ^ = 1855. 

-'ec. nan. Paris ®«”- 
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tiic fractured skull iu Taruier’s patient and supplied an illustration 

fracture described by Berchon 
Uig- ^). B. Simon, secretary for the society when these 
announcements and discussions took place, paid high tribute to 
Lerchon m Ins review of the work for 1862, thanked him for the 
society and said that they were honored by having such an important 
matter presented to them.® 


Jliis account is remarkable, because Denuce,® in discussing the 
paper by Irelat in 1855, criticized him severely for failure to emphasize 
the influence of the spine. Among other statements by Denuce is this : 



Fig. 2. — The ring fracture reported by TreJat in 1855. (From Trelat: Bull. 
Soc. Anat., series 1, 30:121, 1855.) 


Enfin un dernier reproche que je ferai a M. Trelat, e’est d’avoir neglige com- 
pletement les conditions de resistance que peut offrir le crane lorsque le choc vient 
de has en haul, et dans tons les cas. Taction que doit exercer le poids du corps par 
Tintermediaire de la colonne vertebrale sur la base du crane, alors meme, comme 
cela se presente dans beaucoup de chutes, que le choc principal atteint la voute. 

It is altogether likely that when Berchon’s presentation was made, 
Trelat was fully aware of the action of the spine and the weight of the 
trunk, but had not connected them with ring fractures about the foramen 
magnum. It is well to recall that when these events occurred almost 
a century ago, controversy was still active regarding isolated fractures 
distant from the place injured: contrecoup fractures, as they were 

8. Simon, E. : Bull. Soc. anat. de Paris, series 2, 7;S34, 1862. 

9. Denuce, in discussion on Trelat, p. 132. 
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called. The polemic, beginning with the tune of Hippocra es, 
its first period of merely differences of opinion concluded by the cftor s 
of the French Academy of Surgery to secure a satisfactory attswer to 
the problems of such fractures by offering prizes m 1/60. l/6a and 
1768.“ Among the awards was one to Saucerotte for his vibration 
theorr-. Briefly stated, this predicated a disrupting ebullition of vibra- 
tions where they came together at the opposite pole after traveling around 
the skull in various meridians from the place struck. 


During the second period, which ended with the publication of 
studies by Aran,‘- the theorj' of Saucerotte dominated, and these 
fractures received relatively little attention. It is of interest that 
Aran called them independent fractures. Since his announcement of 
the paths taken when fractures radiate from the vault to the base of the 
skull, there have been no definite periods of discussion. Schroen,^"' 
referring probably to the measurements of cranial elasticit}' by Bruns, 
said: 


Deutschen Forschern gelang es, die rechte Falirte zu finden ; schon schien es 
als ob das Ziel diesmal in Wirklichkeit erreicht wiirde, schon reifte die Frucht der 
suchenden Hand entgegen, als abermals von Frankreich eine neue fascinierende 
Theorie die deutschen .A.rbeUen zutn Stocken brachte, es war die Felicet’schen 
Hypothese.is die man im Gegensatze zu der ersten physicalischen franzosischen 
Theorie die “anatomische” nennen konnte. 


This anatomic period of Aran and Felizet, with many embellishments 
from physics, still prevails. But the Saucerotte vibration theory' died 
out slowly, and for many years any observation of an independent 
fracture of the cranial base was likely to find its way into literature. 
-Alone or associated with other fractures, and regardless of their loca- 


10. Many accounts of the development of the present knowledge of the mecha- 
nism of these independent cranial fractures have been written. The following are 
perhaps the most complete: (a) Friedberg, H.: Klinische und forensische Bei- 
trage zu der Lehre von den Kopfverletzungen, ‘Firchows Arch. f. path. Anat. 22: 
A 1861. (h) Dulles, C. W. : The ilechanism of Indirect Fractures of the Skull, 
Tr. Coll. Phys., Philadelphia S:273, 1886. (c) Schroen, F. W. C. A.; Historisches 
OTd Theoretiscbes zu der Lehre von den Schadelbruchen, speziell den sog. Ge<'en- 
bruchen, Inaug. Dissert., Wurzburg, C. T. Becker, 1902. 

11. Memoire sur le sujet propose pour le prb: de I’academie rovale de chirurgie 
^■*05, 1//8, vol. 4. - a I 

a. ■ Recberches sur les fractures de la base du crane Arch ern 

dc med., senes 4. 6:180 and 309, 1844. ^ 

13. Schrocn,'''e p. 4 . 

185L praktischen Chirurgie, Tubingen, H. Laupp, 

cJn e.xperimenfales sur les fractures 
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tion, they arc uncommon. Deroubaix,^® however, said that he often 
saw them in his own postmortem work and regretted his failure to 
keep accurate records of them. In discussing fractures of the base 
of the skull in relation to incidence, most writers, probably influenced by 
tlic worlv of Aran,’" have been content to state the number of fractures 
ladiating into this or tliat fossa from the vault, and how many as well 
as A\-hich fossae were involved, when the fracture, or fractures of both 
the base and the vault, coursed through more than one fossa. But few 
writers have recorded how many fractures in their series were strictly 
limited to the base of the skull. Schwartz’^ found 7 among the 115 
cases which he analyzed ; Walton,^® 7 among 50, and Phelps,’® in three 
contributions, mentioned 4 in 45, 17 in 126 and 15 in 312, respectively. 

The infrequency of fractures confined to the base of the skull has 
not been the sole reason for the many reports concerning them. 
Advantage has beei: taken of the opportunity offered by such fractures 
to repeat refutation of their origin by contrecoup vibration. In 1842, 
Guthrie said : 

The late Mr. Earle supposed that a fracture of the base of the cranium depended 
on the occiput being forcibly impelled against the atlas. Sir Charles Bell has 
maintained the same opinion, and given a scientific account of the manner in which 
the mischief takes place. It appears to me that this accident principally depends 
on the superincumbent weight of the body pressing on the unsupported flat, and 
thin base of the skull, and is but little connected with the unyielding nature of 
the spine ; for it occurs to as great an extent in consequence of falls from a short 
distance without any impetus, as from falls from a great height. 

A number of 3 fears before, the opinions of Mr. Earle were also stated 
by Brodie,®’ who wrote, regarding contrecoup fracture : 

It has been observed to me, however, by Mr. Earle, that he has not known a 
fracture of this kind to take place, except where the blow seems to have operated 

16. Deroubaix: De la lesion de certain nerfs, consideree comme moyen de 
diagnostic des fractures de la base du crane, Bull. Acad. roy. de med. de Belgique, 
series 4, 4:740, 1890. 

17. Schwartz, A.; Zur Statistic der Fracturen der Schadelbasis, Inaug. Dis- 
sert., Dorpat, 1872. 

18. Walton, G. L.: Fracture of the Base of the Skull, Ann. Surg. 40:654, 

1904. , 

19. Phelps, C: (a) A Qinico-Pathological Study of the Injuries of the Head, 
New York M. J. 57:29, 1893; (b) Traumatic Injuries of the Brain and Its 
Membranes, New York, D. Appleton, & Company, 1897; (c) Analytical and 
Statistical Review of One Thousand Cases of Head Injurj’', Ann. Surg. 49:449, 

1909. . , 

20. Guthrie, G. J. : On Injuries of the Head Affecting the Brain, London, 

J. Churchill, 1847, p. 65. ... 

21. Brodie, B. C; Pathological and Surgical Observations Relating to injuries 

of the Brain, Med.-Chir. Tr., London 14:325, 1828. 
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in .uch a manner as to impel the occiput forcibly 

fracture passing through the former bone where it rests on the latter. 

These comments are not concerned directly with ring fractures about 
the foramen magnum. Ring fractures acquired whatever they now 
possess of entity and comprehension only gradually and during re 
years when, as already stated, case reports of all sorts of independent 
fractures of the base of the skull were customarj . 

In some skulls, basal fractures are the only ones present. For these, 
we believe that the term solitary basal fracture is most suitable. \Ve 
prefer to restrict the name independent to fractures associated, but not 
continuous, with the main fractures located at, and radiating from, 
the site of violence. Many writers call them indirect, whether the}’ are 
solitarv or not. By many, the terms contrecoup and indirect have been 
used synonymously; even in recent years, these fractures have occa- 
sionally been labeled contrecoup. 

Robert, in 1843," reported fractured posterior clinoid processes 
associated with a fracture across the right petrous bone, the skull 
bones being otherwise intact. Robert thought that the fracture in the 
petrous bone was contrecoup, but Aran said regarding it: 

Nous ne voulons pas disputer sur ce fait, nous I’acceptons tel qu’il est; mais 
nous ne pouvons voir la une fracture par contre-coup. Qu-importe, en effet, que 
la puissance exerce son action d’une maniere immediate sur la base du crane ou 
qu'elle y arrive par I’intermediaire de la colonne vertebrale? 


The body was that of a mason who had fallen 12 meters, striking 
feet first. Announcements of similar fractures were so few at this time 
that von Bruns, a decade later, mentioned only one other with that 
reported by Robert, as examples of basal fractures due to transmission 
ot violence by the spine. The report by Marmy, concerned fractures 
also due to alighting feet first; in the cranium the ethmoid cribriform 
plate was broken by a solitary fracture. Another report of such fractures 
of the base by Marmy, which Bruns should have included.-^ dealt with 


-2. Robert ; L’experience, J. de med. et cbir. pract., Nov., 1843 ; as cited by Aran, 
aud many others. These fractures are illustrated by Victor von Bruns in Chirur- 
C'scicr .ytlas. Bildliche Darstellung der chirurgischen Krankheiten und der zu 
1 irer Hedung erforderlichen Instrumente, Bandagen und Operationen, Tubingen 
H. Laupp, 1853, fig. 22, plate IV. 

23. von Bruns.” p. 281. 

Fractures multiples (du calcaneum, du crine, et du radius), Bull 
-oc aiiat. de Pans, series 1, 23:258, 1848. 

mem dn'iTri' , ct dechirure du poumon et du foie. Epanche- 

1 23-lur " p PO'gnet, Bull. Soc. anat. de Paris, series 

fCo-npcndimn'a ^enonvilliers and Gosselin 

cauHlh: Zvt ot If 1. p. 580) as examples of fractures 

I'erpm.ann (Die I et they were subsequently cited bv E. von 

3s', 
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fraclincs in the right petrous bone and body of the sphenoid in a man 
who fell from a second story window and alighted on his hands and 
knees. Biuns ■” emphasized the manner in which the skull is compressed 
vertically by the weight of the oncoming trunk after the head is 
arrested, but he did not mention ring fractures. 

If it is true, as Guthrie said, that Bell understood “how the mischief 
takes place, he may indeed have been the first to observe a ring 
fracture of the base of the skull and at the same time the first to 
comprehend its mechanism. He described a fracture that “began by 
the side of the petrous bone of one side, and extended around the 
occipital bone behind the foramen magnum to the petrous portion of 
the temporal bone of the opposite side.” It was caused by a bucket 
which fell 50 feet and hit the back of the head of a man in a tunnel. 
As will be shown presently, this is an important observation. Bell 
went on to say that the blow was received “on the strongest part of 
the skull, in the convexity of the occipital bone; the fissure was in the 
weakest part.” The fracture was an incomplete ring with the gap in 
front, and belongs to the t 3 ''pe we are discussing. But it is not altogether 
evident that Bell was fully aware that resistance from below assisted 
in producing the fracture, for he concluded with; “It was a pure 
instance of counterfissure.” 

Forgues mentioned symmetrical fractures described by Couderc,^® 
one on each side from the lambdoid suture to the jugular foramens. 
Such fractures are portions of a ring. 

In 1858, Hewett described a similar incomplete ring fracture 
due to a fall of about 20 feet (6 meters) ; the scalp wound was on the 
right side of the vertex behind. In the body of a man 32 years old, who 
fell off a scaffolding, Bryant found that “the weight of the body, 
as conveyed through the spine, had completely driven the spinal column 
into the skull, the base for about one inch round the foramen magnum 
being detached and pressed inwards upon the brain ; this was much 
lacerated and contused from the pressure of the displaced bone ; fissures 
radiated upwards from this spot.” The cranial vault was uninjured. 
Accompanying fracture of both articular processes of the epistropheus, 

26. Bruns,i4 p. 285. 

27. Bell, C. : Surgical Observations, London, Longmans, 1816, p. 467. 

28. Forgues, L. D.; Mecanisme des fractures du crane. These de Strasbourg, 
1869, p. 30. 

29. Couderc, J. A. : Sur les fractures du crane, These de Paris, 1850. 

30. Hewett, P. : Lectures on the Anatomy, Injuries and Diseases of the Head, 

M. Times & Gaz, 16:27, 1858, ^ 

31. Bryant, T. : The Injuries and Diseases of the Nervous System, Guys 

Hosp. Rep. 20:59, 1859; case 36. 
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Gurlt- found a piece broken from the rim of the foramen magmm. 
The injuries were in the body of a man 24 years old, wdio fell head 
first from a wagon and struck on the crown of his head. Discussion of 
this fracture by von Bergmann a few years later leaves the impression 
that the piece broken off was from considerable of the circumference 
of the margin of the foramen. The large ring fracture described by 
Chauvel®^ was elliptic. Its posterior end was formed by the foramen 
magnum. Branches beginning on each side behind the occipital cond}lcs 
forked symmetrically, with short arms ending in the lower occipital 
fossae and long arms extending forw’ard through each petrous bone 
and each greater wing of the sphenoid to meet just behind the crista 
galli. Chauvel’s thesis contained no illustrations, but Chipault and 
Braquehaj^e showed the path of tliis ring in a diagram of the out- 
side of the base of the skull. The injuries were due to a fall of 2.5 
meters so as to alight on the head; the scalp wound was in the right 
parietal region, and the vault was not broken. Both Felizet and 
Forgues dealt with Chauvel’s fracture at length. Inspired by his 
examination of this ring fracture, Chauvel attempted to make a similar 
fracture experimentally. In 1 skull he obtained rather symmetrical frac- 
tures, 3 cm. long on one side and 5 cm. long on the other, running back 
from each jugular foramen into the inferior occipital fossae. The body 
was that of a hunch-backed man, 73 years old, with the first 6 vertebrae 
ankj’losed. Chipault and Braquehaye®® also illustrated the injuries in 
this skull. 

Some indication of the attention these ring fractures received at this 
time is evident in the circumstantial description given of one of them 
In Hutchinson.^® One of the two fine illustrations accompanying his 
report was reproduced by von Bergmann.'*® Hutchinson said, “it is 
1 er} unusual in practice to find the line of fracture s}'mmetrical, probably 
because in but few instances is the direction of the violence exactly 

der Lehre von den Knochenbriichen, Hamm, G. Grote 

p. 35. 

33. von Berpiann: Verletzungen und chirurgische Krankheiten des Kopfes 

Billroth; Handbuch der allgemeinen und spedellen Chirurgie, Stutt- 
Itart, Ferdinand Enkc, 1873, vol. 3 , p. 129. 

34. Chauvel, F.: Essai sur les fractures du crane. These de Paris, 1864, p. 66 . 

rccte. Braquehaye. J.: Etudes graphiques sur les fractures indi- 

Fclizct.i' p. 145. 

37. Forgncs.^s p. 12. 

.i 8 . Qnpaj,]t Braquehave,®^ fig. 23 p 29^ 
von r!crgmann .^3 p. 130 . 



180 


ARCHIVES OP SURGERY 


vertical.” The basilar process, occipital condyles, body of the sphenoid 
and inner halves of the petrous bones made “one nearly circular frag- 
ment.” A fissure from the ring ran up in the vault from the right 
middle fossa. The fracture was due to a headlong fall, and Hutchinson 
understood the part played by the impact of the spine and the weight 
of the trunk in its production. Schwartz failed to state where he 
found the elliptic fracture of the base which he said encircled the 
foramen magnum, sella turcica and crista galli. The particulars of 
its course are similar to those of the elliptic ring fracture described by 
Chauvel.'’* The review by Schwartz comprised fractures in 115 skulls; 
14 from the Dorpat collection, 25 from Obuchow and 75 from the 
literature. Details of the course of the fractures were meager in about 
one half of the 115 cases. Only 7 were limited to the base, and only 
1 was a ring fracture. 

Felizef*- broke out a large circular piece from the base of the skull 
experimentally without fracturing the vault. It was nearly all ventral 
to the foramen magnuiu and included the sella and a large part of each 
petrous bone. He did this by hitting the padded vertex with a large 
hammer. The support for the base was patterned after the spine. The 
following is an account by Bennett^® of the injuries he found in the 
cranium and spine of a man hit on the head by a weight which fell 
34 feet (10 meters). 

. . . having been checked in the fall at a distance of nine feet above the 
ground. . . . There was an ordinary depressed fracture of the parietal bone, 
and a fracture by radiation was marked by a fissure extending from the depression 
to the orbital plate of the sphenoid bone, and passing into both optic foramina. 

. , . The base of the cranium was fractured over each occipital condyle, and an 
oblique fracture passed outward from the foramen magnum to end in the petrosal 
sinus. The transverse process of the first cervical vertebra was detached, the spine 
had been driven upward and was actually impacted into the cavity of the cranium. 
The posterior clinoid processes were also detached. 

The scalp wound was in the left parietal region. Symmetrical fractures 
from each jugular foramen to about 1 cm. behind the occij^ital condyles, 
associated with detached posterior clinoid processes, fracture of the 
body of the sphenoid bone and loosened sutures between the occipital 
and the temporal and parietal bones on the right side, were reported 
by Magon.^^ They were in the head of a man 43 years old who fell 
backward and head first from a ladder. 

41. Schwartz,!^ p. 19, case 4. 

42. Felizet,i5 p. 146, plate 13. 

43. Bennett: Fractures of the Cranium, Brit. M. J. 1:326, 1875. 

44. Hagon, E. : Fractures multiples du crane. Bull. Soc. anat. de Paris, series 
3. 1»:247. 1875. 
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Symmetrical fractures from each side of the foramen 
through the thin bone of the inferior occipital tossae, then forward 
to each jugular foramen, formed the rear of a ring tracture describe 
by Petit.« It was completed in front by petrobasilar diastasis. It o - 
lowed a fall so as to alight on the head. Yon Bergmann described and 
illustrated an asymmetrical ring fracture with considerable comminu- 
tion in the back of the base of the skull. He observed it when he was at 
Dorpat, where so many studies of cranial fractures were sulisequci^ly 
made (Schwartz, 1872; Hermann, 1881; von ^Yahl, 1883; Greiften- 
hagen, 1887, von Knorre, 1890, and others). It was produced by a fall 
from a great height. He found accounts of only 5 other ring fractures 
at that time. Laurand found complete detachment of each occijhtal 
condyle by fractures surrounding them closely. A branch ran out to 
the groove for the lateral sinus from the left small pericondylar ring, 
and from the right ring, a branch ran to the mastoid. The right petro- 
basilar suture was torn open, and through the middle fossae and body 
of the sphenoid bone a transverse fracture coursed. These injuries were 
in the cranium of a coacliman who fell head first to the pavement while 
tiying to recover die reins ; he died two days later. 

Part of an incomplete ring fracture in an illustration by Schranz 
includes a transverse fracture of the clivus ; it was made experimentally 
by indirect violence to imitate force transmitted by the spine. Hermann 
found 61 reports of skull fractures in the medical literature published 
subsequent to the review by Schwartz ten years previously. These 
fractures, with 8 broken skulls he found in the Dorpat collection, 5 fur- 
nished him by Kdrber and another by Luken, together rvith the fractures 
he made experimentally in 17 heads, formed the basis for his study. He 
divided basilar fractures into transverse, lengthwise, diagonal, ring and 
nondescript. In his 92 cases, there was no ring fracture. One of the 2 
incomplete ring fractures in the illustrations accompanying von Wahl’s 
article-® was found in Lukin’s collection at Kronstadt. The fracture 
''as caused by a fall head first on a stone floor, and was incomplete 

-IS. Petit, C. H. : Fracture de la colonne vertebrale; fracture indirecte de la 
wc du crane ; fracture incomplete de la premiere piece du sternum. Bull. Soc anat 
ue Pans, series 3, 10:62, 1875. 

■16. ^'on Bergmann,®^ p. 129, fig. 24. 

■!/. Laurand. G.; Fracture du crane, probablement par contre-coup; rupture de 
arUTc miningee moyenne, Bull. Soc. anat. de Paris, series 4, 4:721 1879 
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behind The other fracture, incomplete in front, was in a skull in the 
collection of the surgical clinic in Dorpat. How this skull was broken is 
not stated. The fractures in each skull belong to the small ring variety, 
and from each ring other fractures radiated. 

One ring fracture is described and illustrated in the first of the two 
famous monographs by Messerer.^" Another he demonstrated during an 
address at Munich.--'^ Both were made experimentally and are repro- 
duced here to illustrate the difference between them and the ring 
fractures commonly produced by human casualties. The first (fig. 3) 
was made by sawing off the skull cap and compressing the lower half 
of the skull with hydrostatic pressure in a Werder machine which 



Fig. 3. — A ring fracture produced by Messerer. The calvarium was removed, 
and the base compressed in a Werder machine. (From Messerer: Ueber Elastici- 
tat und Festigkeit der menschlichen Knochen, Stuttgart, 1880, fig. 1, plate VII.) 

recorded the force used. Messerer did not state how the second fracture 
(fig. 4) was produced. It is not illustrated or described in his mono- 
graphs. A third ring fracture was made by dropping a weight on 
top of a head still normally attached to the body. From the place hit, 
a fracture ran squarely across the vault into the right middle fossa, 
ending in the right carotid foramen. Around the foramen magnum 
there was a ring fracture enclosing the clivus, the left petrous bone 

51. Alesserer, O. : (a) Ueber Elasticitat und Festigkeit der menschlichen 

Knochen, Stuttgart, J. G. Cotta, 1880; (b) Experimentelle Untersuchungen fiber 
Schadelbruche, Alunich, M. Rieger, 1884. 

52. Messerer, O. : Ueber die gerichtlich-raedizinische Bedeutung verschiedencr 
Knochenbrfiche-Formen, Friedreich’s Bl. f. gerichtl. Med. 36:81, 1885. 

53. Messerer,“ib p. 12, experiment 66. 
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and both anonymous processes of the rim of the foramen 
Messerer did not state its course on the right side; it ptohaMi folio i d 
the "ehobasilar suture. In his experiment 68 ,=< he also broke the sM 
across ivith isolated fractures of each anonymous process and 
fracture lengthwise in the clivus. This, Messerer labeled ring fracture^ 
There are no illustrations of the ring fractures in expernnents 66 and 
68. In 2 other skulls, independent fractures of the base were produced, 
which Messerer regarded as suggestions of ring fractures. 

Dulles summarized the particulars of the fractures m 119 cranmms. 
In his final illustration, == the course of 100 fractures is represented in 
the customary single diagram of the inside of the base of the cranium. 
One cannot decide whether in the great number of lines in this composite 
picture there are included many representing ring fractures about the 



Fig. 4. — A ring fracture Messerer showed at Munich in 1885. Judging from its 
description, it was produced by a falling weight. (Messerer : Freidrich’s Bl. f. 
gerichtl. med. 63;81, 1885.) 


foramen magnum. In examining the literature, as he must have done 
to assemble so many fractures, Dulles undoubtedly saw accounts of a 
number. Perhaps the best indication of the degree of his interest in 
these ring fractures is in this statement ; 

Finally I have been struck by the fact that certain peculiar fractures of the 
ase seem to have been due to support of a segment of the occipital bone furnished 
> the inclination upward and outward of the articular surfaces of the atlas which 
cm race the condyles of the occipital bone and restrain it from rupture to such an 
extent that a fracture will pass on both sides of the protected region rather than 
iroug I it. Tljis form of fracture I illustrate fay a beautiful specimen taken from 
the Mutter Museum. 


^4. }tlesscrer,=u> p. 12. 

55. Dulles, lob pjate XXVII. 
'G. Dulles, p. 308. 



184 


ARCHIVES OF SURGERY 


But to which illustration he referred is not evident.®’' In one figure 
an incomplete ring fracture is shown about the cribriform plate, and 
presumabl}' this is alluded to in liis statement: “One shows a ring 
fracture, in addition to . . .’’At this time, Dulles’ interest was 
mainly in the experiments by Messerer and others published shortly 
before. A number of years later, he was more explicit about ring 
fractures. He said:®'*. . 

An interesting; form of violence, applied to the skull is that due to falls on the 
feet, where the momentum of the body is suddenly arrested by the resistance of 
the earth. In such a case a ring of bone surrounding the condyles may be driven 
into the skull. 

Kbrber,®® in medicolegal work at Dorpat, found 2 ring fractures, both 
quite symmetrical, about the foramen magnum. One was inside the 
other in the head of a man struck with the falling wing of a windmill. 
The outer ring was about as large as it could be in its posterior half 
and also remained confined to what is usually included in the bottom 
half of the cranium. It surrounded each petrous bone and the dorsal part 
of the body of the sphenoid bone. The inner ring included the occipital 
condyles and pars basilaris of the occipital bone. Also symmetrical and 
quite like this inner ring was another fracture Korber found in the 
body of a boy 10 years old, whose head was crushed against the spine 
by machinery. It was similar to ring fracture 25 (fig. 6) in our series 
but much more symmetrical. Korber’s ring crossed the middle of the 
internal median crest in the posterior fossa. From all 3 ring fractures 
described by Korber, other fractures radiated. 

In the article by Anna Heer a small ring fracture is illustrated 
which began back of each occipital condyle with its front across the 
clivus from the apex of one petrous bone to the other. Passing out from 
each side of the ring were symmetrical fractures that broke the petrous 
bones across in their outer halves and ran forward toward the sphenoid 
fissures so as almost to complete a second ring in front of the first. 
From this second unfinished ring, a fracture radiated up in the vault 
on the right side, parallel with the coronal, and almost to the sagittal, 

57. The course of each of the 119 fractures was shown by drawings he presented 
to the College of Physicians in Philadelphia. Such separate treatment was not 
carried out in his published article. 

58. Dulles, plate III and p. 314. 

59. Dulles: Remarks on Fractures of the Skull, M. News 68:81, 1895. 

60. Korber, B. : Gerichtsarztliche Studien fiber Schiidelfracturen nach Ein- 
wirkung stumpfer Gewalten, Deutsche Ztschr. f. Chir. 29:544, 1889, plates 10,10A 
and lOB, 11, 13A and 13B. 

61. Heer, A.: Ueber Schadelbasisbruche, Beitr. z. Win. Chir. 9:1, 1892, fig. 7, 
plate 11. 
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suture. A fall of from 9 to 10 meters caused the injuries. 1 he scalp 
wound was over the right parietal bone close to the vertex. 

Chipault and Braquehaye referred to a ring fracture presented 
by Valude to the anatomic society of Paris and illustrated it with a 
diagram of the outside of the base of the skull. It began behind Ctach 
occipital condyle, and on the right side ran along the pcliobasilai suture, 
then obliquely across the front end of the basilar plate to the apex of 
the left petrous bone; from here it ran through the left carotid canal 
to the front of the left petrous bone, and across this bone to the left 
jugular foramen, then behind the left condyle. From its inner side, 
branches sprang so that each occipital condyle was completely and 
closely encircled by a small ring within the larger one. Chipault and 
Braquehaye did not give an}'' reference as to where Valude s observations 
were published, nor did they tell how the injury' occurred. 

Van Nes portrayed a partial ring®® formed by two symmetrical 
fractures, one on each side of the clivus. They ran from the carotid 
canals as far back as the outermost part of the foramen magnum, ending 
in the inferior occipital fossae. They were conve.x outwardly and would 
have been parts of a small ring, had it been complete. They were in 
the skull of a man who jumped through a window, alighting on lu’s 
feet. 

Symmetrical fractures in 4 skulls are described by Phelps, but there 
are no diagrams or other illustrations. One fracture was due to a fall 
on the sidewalk, “The whole central portion of the occipital bone from 
the foramen magnum upw'ard, and posterior portion of both parietal and 
right temporal bones, forming an irregular circle from two inches and a 
half to three inches in diameter, \vere broken into large fragments.” 
Among the 80 fractures in our illustrations, there is none like this. In 
the other 3 skulls fractures ran on each side of the foramen magnum 
from the occipital fossae, but failed to form rings. Phelps did not learn 
bow these last 3 fractures were produced. A ring fracture 
which surrounded all the occipital and right petrous bones with its front 
end across the sella turcica rvas produced experimentally by Quenu and 
Tesson.®® The dead body was tbroAvn violently back-ward so that the 
occiput struck. 


62. Chipault and Braquehaj-e,’^ p. 292, fig. 19. 

Schadelbasisbruche, Deutsche Ztschr. f. Chir. 44:593 
*0^/, fig. 2. ^ 

6-1. Phelps, wi) case 7, p. 397. 

65. Phelps, case 87, p. 446; case 88, p. 447; case 92, p. 449. 

(Ic b Inr"!’’ Des fractures postero-amerieures para-medianes 

ee la base du crane, Rev. de chir., Paris 23:577, 1901. “Piece no 4.” 
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In the English translation of the “Handbuch der praktischen 
Chirurgie,” «' a small ring fracture is shown, with its front across the 
chvus and a fracture radiating from its left side through all of the 
base in front of the ring and then ‘"'extending to the frontal bone.” 
Its course in the calvarium is not stated or illustrated. How it happened 
is not related. The patient died in von Bergmann’s clinic. 

Bohl’s references to ring fractures are chiefly confined to repeating 
statements by Korber about bending fractures of the base, that 
they are complete or incomplete rings made by compressing the sides, 
the front or back of the skull against the spine. Barnick’s theme 
was traumatic intralabyrinthine hemorrhage with basilar fractures. One 
of his 4 cases dealt with bilateral comminution in the posterior fossa 
with fractures leading out from each side of the rim of the foramen 
magnum, suggestions of rings and a somewhat symmetrical arrange- 
ment. They resulted from a fall of 3 meters. The superficial injuries 
were in the back of the scalp and of the right elbow. Stierlin found 
at a postmortem examination what he regarded as calluses on each side of 
the foramen magnum and attributed them to a fall from a load of hay 
seven and a half weeks previously; a clinical diagnosis of ring fracture 
had been made, presumably from symptoms of injury to the ninth and 
twelfth cranial nerves. There were other fractures in the base sagit- 
tally directed. 

GraTs review of 90 basal fractures is mainly clinical. There 
were 28 deaths and only 11 necropsies. Only 1 ring fracture is men- 
tioned. Its course is described as close to nearly all the rim of the 

67. von Bergmann, Ernst; von Bruns, P., and von Mikulicz, J. ; A System of 
Practical Surgery, translated and edited by William T. Bull and Walton Martin, 
Philadelphia, Lea Bros. & Co., 1904, p. 77, fig. 18. 

68. Bohl, E. : In Sachen der Schadelbriiche, Deutsche Ztschr. f. klin. Chir. 
43:537, 1896. 

69. Barnick: Briiche des Schadelgrundes, Arch. f. Ohrenh. 42:22, 1897. 

70. Stierlin, R. ; Schadelbasisfraktur mit Lahmungen im Gebiete des X und 
XII Hirnnerven, Arch. f. kh'n. Chir. 61:130, 1900. 

71. In this connection see ; Deroubaix.^® Spiller, W. G. : A Physiological, 

Anatomical and Pathological Study of the Glossopharyngeal and Vagus Nerves irt 
a Case of Fracture of the Base of the Skull, M. Bull. Univ. Pennsylvania 16:13, 
1903. Siebenmann, F. ; Eine gleichzeitige Lahmung der Vagus-Accessorius-Glos- 
sopharyngeusgruppe als Folge von Schadelbruch, von Erhdngungsversuch und von 
Sinusthrombose, Ztschr. f. Ohrenh. 65:114, 1912. Liiken, E. A.; Ein-und gleich- 
zeitige Vagus und Accessoriuslasion und vollkommene Taubheit nach Schadelbasis- 
fraktur, Arch. f. klin. Chir. 104:1000, 1914. Ulrich, K.; (a) Ueber Vagus, 

-Facialis, -und Acusticus- Verletzungen ; Etn Beitrag zur Lehre von den Gehirn- 
nerven-Lasionen bei Schadelbasisbriichen, Schweiz, med. Wchnschr, 3:545, 1922; 

(t>) Verletzungen des Gehdrorgans bei Schadelbasisfrakturen, Acta oto-laryng., 
1926, supp. 6. 

72. Graf: Deutsche Ztschr. f. Chir. 68:464, 1903, case 9. 
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foramen magnum, except where it ran out in the tabular part oi the 
occipital bone. It was caused by a fall of 2 meters so as to a ig r 
on the head, and there was a small scalp wound above the occipital 
boss Brun has 1 ring fracture in his long account of 470 skull fractures 
seen in the surgical clinic at Zurich from 1881 to 1901. There were 
165 deaths. The ring fracture that he descrii:.ed and illustrated was 
fairly large, through the middle of each petrous bone, the body of 
the sphenoid bone in front and close to the foramen magnum behind, 
being almost symmetrical with a fissure behind from the ring to the 
vault. It was due to a fall from a roof. The external injuries arc not 


mentioned. 

Among the diagrams in the article b)' Poulain,*'* 2 fractures are 
outlined which he included among transverse fractures. The first is 
credited to Jacob ; the second to Borden, both without reference. These 
fractures cross the midline in or near the sella turcica and course so 
far along or within the front of the petrous bones that the)' may be 
regarded as the ventral halves of large ring fractures. A third fracture, 
also from Borden, was composed of three fourths of a large ring, 
incomplete from the right jugular foramen to the sella. There is no 
account by Poulain as to how these fractures were sustained. 

The ring fracture encountered by Sharpe ” was asymmetrical and 
accompanied by fractures of the pars basilaris, and by others radiating 
up in the vault. The injury was due to an aeroplane accident. A tub 
or vat falling on the head produced the large ring fracture illustrated by 
Reuter."® His figure is one of the relatively few representing the course 
of a fracture in the outside of the base of the skull. Vance ^ recognized 
two forms of skull fractures: linear and composite. Among those 
m the vault are also depressed fractures. He also grouped them as to 
location. He mentioned ring fractures in the following quotation ; 


Two freak examples of fracture occurred which were included, for the sake of 
convenience, among the composite fractures of the vault and base. The force 
which produced them, however, was unusual. The persons in question fell, striking 
on the verte.x of the head, and both sustained fractures of the base, around and just 
anterior jto the foramen magnum. There was evidence that the weight of the body, 
transmiffed through the spinal column, forced the articular process of the occiput 
up through the base of the skull for a short distance. 


p. Brun.^'i case 156, fig. 144, p. 328. 

^ /4. Poulain, J. ; Mecanisme et classification des fractures de la base irradiees 
a plusieurs etages. Arch. gen. de chir. 8:884. 1912; first fracture, fig. 12, p. 898- 
^tacture, fig. 21, p. 899, and third fracture, fig. 38, p. 911. 

Tvne= Vertebral Column Developed in Certain 

- ‘ Cranial Fracture, Bull. Johns Hopkins Hosp. 29:281, 1918. 

Gerichh 5 rmvi^‘ ' r Einwirkung Stumpf er' Gewalt, in Lochte : 

fig. 118, p. 4 J 4 Pohzeiarzthche Technik, Wiesbaden, J. F. Bergmann, 1914, 
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Vance has no illustrations of these fractures. Among his diagrams 
of t 3 ''pcs of fiuctuies is an incomplete and a complete ring’.^^ 

ihe foregoing brief from the literature on ring fractures embraces 
45 more or less complete ring fractures; 23 were caused by headlong 
falls of some distance so as to strike head first; 1, that reported by 
Phelps, by a fall on the sidewalk; 1, by a fall so as to alight on the 
feet ; 4, by blows on the head and 1, by head-crushing ; 8 were produced 
pperimentaily and there is no information as to the mode of production 
in 7. The noteworthy feature is that 23 were caused by falls from 
several feet or more. The review is probably not exhaustive, but it indi- 
cates the relative frequency of observations of ring fractures up to 
modern times, the consideration thc}'^ have received and the way they 
have been explained. In our series of 80 fractures there are 5 ring 
fractures of the vault and 36 of the base. Some of the latter are 
large ; others are small. 

REVIEW OF THE FRACTURES IN OUR SERIES 

Large Ring Fractures of the Base of the Skull (20 ). — This type of 
ring fracture splits from the skull a large concave disk in the base, mainly 
of occipital bone, with the center of the disk near or opposite the top of 
the spine {1 to 15, and 16 to 2d).‘® The ring is often finished behind 
by traumatic diastasis of the lambdoid suture, in front by fissures cours- 
ing in the petrous bones lengthwise, or along their ventral borders, and 
across the body of the sphenoid bone or transversely through the firm 
union between this bone and the basilar occipital plate. Externally, 
the rings run close to the base of the petrous bones, and a number are 
continued forward by diastasis of the parietotemporal sutures. Excep- 
tions to this ground plan occur, more of them with the lateral than 
with other parts of the ring. The ring is sometimes narrowed so that 
the fracture is obliquely or more directly across one or both petrous 
bones, but its front and back locations remain fairly constant. Occa- 
sionally, removal of the front slightly to the rear brings this part across 
the basilar plate (4 and 10), but this is rare as compared with the 
frequency of invasion of the petrous bones. In only 1 of this group of 
20 skulls was the fracture so low behind that the ring was ail in the 
base, and in this cranium comminution split the ring and the other 
parts "of the fracture were in the calvarium (13). 

On the other hand, lateral deviations from the remarkable symmetry 
of 1 fracture (1) were fairly common. They varied widely from a 
narrowing which left the middle fossae intact (5) to asymmetrical 

77. Vance, i fig. 3 D and E, p. 1028. 

78. From here on numbers in the text used as these arc indicate the fractures 
in figures 5 to 9 and the cases in tables 1 to 5, inclusive. 
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fractures of the petrous bones (5, 4, 10, IZ and IS) and 

ring fractures with some comminution of the base {14, !:> and IS). 

A few of the large ring fractures were not quite complete behind 
{8, 9, 10 and 11) ; others {3, 16 and 17) were incomplete in front. In 
the base of 1 skull {17) a huge ring fracture enveloped the muldle 
fossa ventrally. Behind where it joined the back ring, both were incom- 
plete on this inner surface. A word of caution is necessary at this point, 
because relatively few examinations were made of the outside of the base 
of the cranium,'^ and some ring fractures that were imperfect in the 
internal table owing to a small gap may have been completed in the 
external laj’ers of the base. Islany descriptions of fractures in the 
literature leave no doubt that the entire skull was available for study. 
Accompan}'ing the accounts by some authors there are illustrations from 
which one may infer that the skulls were museum preparations. On 
the other hand, it is true that the conditions in the outside of the base 
are seldom mentioned. In the calvarium, absence of symmetry com- 
parable with that in the base was occasionally encountered, and some- 
times the top piece was comminuted (5, 6, 7 , 13, 14, 15 and 20). In the 
base extensions ran forward from a few ring fractures {12, 14, 15 
17, 18 and 20), and a few such ventral extensions were sagittal in cither 
the base {14) or the verte.x {19). In 3 of the 20 skulls, there were 
independent fractures of the orbital roofs (2, 4 and P). More or less 
loosening of an entire petrous bone is fairly common with basilar 
fractures; in fact, it is more frequent than is intimated by the particulars 
concerning the, 20 large ring fractures. Breaking awaj' of the posterior 
clinoid processes from the rest of the sphenoid bone (1, 2, 3, S, 13 and 
20) has been a subject of frequent comment by many obserr-ers. It is 
said that thej' are pulled away by the tug of the tougli tentorium cere- 
belli when the sagittal axis of the base is lengthened by violence. 
Another feature of interest, also usually accredited to the careful 
observations of Felizet,^® is the firm union between tire apex of the 
petrous bone and the portion of the basilar plate of the occipital bone 
to which it is applied and the strong connection with the body of the 
sphenoid formed by the fibrocartilage of the carotid canal. These 
s.Mnphyses usually prevent traumatic diastasis of the petrous apexes, 
and fractures in tlrat region commonly cross so as to break off the 
inner third of the petrous bone. This portion of each bone with the basi- 
ac p ate and a zone about the foramen magnum including the occipital 


to tl!o dissected from the skull all the way down 

lifted disarticulated from the atlas, it may be dislocated and 

in Ike inferior ^^ces dorsally. The course of fractures 

'igktto thetonlTtr^ ’■ replaced on, and wired 

n«s of the cx-ailuor'"^' thorough- 
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condyles constitute the “centre de resistance” of Felizet. This is illus- 
trated by 5 fractures {4, 10, 11, 17 and 18) which broke the petrous 
bones across near the apex on one or both sides. Diastasis between 
these bones and the basilar plate at the front end of one ring {3, 7, 
11 and 15) is more common in smaller ring fractures. 

Small Ring Fractures of the Base of the Skull (id).— The transi- 
tion between large and small ring fractures about the foramen magnum 
is giadual. Ihe ring in fracture 21 (fig. 6) was a little narrower from 
side to side, and the ring in fracture 3 (fig. 5) was also narrow, but 
in the remaining 15 (22 to 31 and 33 to 37, inclusive) the rings were 
definitely smaller. In this series of only 36 more or less complete ring 
fractures symmetry was not as common in the small as in the large 
ring t3'pe. In a larger number, this relation may be reversed. Only 
3 (2P, 36 and 37) of the 16 small ring fractures were fairly symmetrical. 
Two of these (2P and 36) were associated with more or less comminu- 
tion of the base. The third ring fracture (37) was incomplete in front 
in at least the inner table. Gaps in 3 other small ring fractures (21, 
24 and 31) also may have been bridged across by fissures in the outer 
table. A fourth ring fracture, incomplete behind, is shown in fracture 
22 (fig. 6), but A'entrally in the two front fossae there was a unique 
symmetrical ring enclosing the lesser wings, body and a large part^ 
of the greater wings of the sphenoid bone. Another equally remarkable 
feature of the injuries of this cranium was the trival involvement 
of the calvarium, as compared with the fragmentation of the base. 
Another base with many fragments is shown in fracture 26 (fig. 6), 
but in this skull long fractures radiated from behind up in the r^ault. 
Fractures 23, 27, 28 and 33 also were continued in the vault, but for 
such short distances (about equal to the extensions in the skull cap 
in case 22), that their diagrams are omitted. In the ring fracture 
depicted by Sharpe,"® the fissures within the ring forming a V-shaped 
fracture of the pars basilaris are the counterpart of that shown in 
fracture 30. 

In another skull (28), this part of the occipital bone was broken 
transversely. The rings are very small in the fractures represented in 
34, 35 and 36. Bruns,®® and subsequently Senn,®^ emphasized the 
danger of sudden death, sometimes days after the accident, from wounds 
of the medulla oblongata or other parts of the brain stem which are 
caused by fragments loosened from the rim of the foramen magnum 
(26, 31 and 36). These shocking terminations are said to result from 
such movements as a sudden turning of the head to one side. This 
admonition b)’’ Bruns and Senn was based on accounts by Bell o 


80. Bruns,*^ p. 295. 

81. Senn, N. : Fractures of the Skull, 


Am. J. Surg. & Gyncc. 14:43, 1900. 




U SJ 


CJ -M 

UiJS ^ 

’^'T' i--*** 

C3 

a SCO »H 
O co«w 


'w •• t> 

c: c ~ 
cj o a£ 

o ►h « 
tfi> »*:= 

.5 S.= « 

*E Is cj » 
q.S .2 
w s +^ t/j 

sS.sg 

S-'g“ 

® o « •> 
O t/i 

is -w * •• is 
■*“* c ® « 
O o 

^ H'G*^ 


H s; o 

O S ^ “I ^ _ 

1-1 ® O ~ ,-iN 

d> i-H £3 “ 

. ^ ^ '^.2 
c = s -2 “ s “i 
^ tfi 5 a ^^5 

^ ^ _.sfS 

o t-i vh £3 -I 
'TOC •”' S K5 

*“ S G c 

cs G "S.® O 

-ou-w 

g'S^'S ..ss§ 

" CO M n S O g 

•gs-s.“ 5 oi c 
g g E g H o ..S 

o s CO p g "■•£: 

■*i*M tfl OJ ;:S K^;- 

c=ir-w^. ^a'G'a 


w c* c; w 

5 o 
C3 


SS'O'D 
^'5 ^^£cow 

Sg- g°g| 


^ O OT±J ;:‘W4.3 ^ 

- = sg- g°g| 

SS^S Q“’g:5 


.coo 
^ c * a 
S'O ” S ago 

•5 = 5"? -gSiS 

-•-»„ "-51 O >,0 
. a c3^»o o^ « 
o o *-<C 5 '^3 0 .*^ 

M i; o2 ^ .o 

" •^tJS 2 .5^ 

:r o-SC - 
z ^^S+^ea fc<3X3 

s •s:|« -sp 

H .3 ^ **-' — 2 .SJ 

^ S— 2® cs*^ 

. CS - 3 

3 t; S £ c 

: s-2ou •=•§§ 

3 “"“-g SS® 

? 2 S o 7. O jT-S 

£ 3 - 
’ C< o cJ Wi o 

"a^-3 °'“c'a 

'Cfc-o.s 

00 * 2:0 OCSfc-'O 
C.^ c .2.ti'« j:; 
C C C 3 3 ^ ei 2 
mso£ 

PQ4_»»>o pQo^t-i 


rt o a c 
o 

'“■“■*■’ .2 **-» 
o 4M r1 fx O 
-C o-*- O __ 

o'S § g M 


a.= “-a - 

= COw >, 

l-aSco 

ii“a-§ 

O ■*•• C •“ 

»C O /.f 

•M*-" ^ 

« c .St-, 
■S..cE“S 

g'3='«3 
5: «! !>- o o , 

O’" r- 

" 2 2 o 2 s 

.2 .2 ^ 3! 5 « 

CToS-" w 
^ , C c 1- 
HS o*“ - 
o o 

O «5/-sO o 
-w o 0 : t-i O O 

« c « » S 
o -5 x: s- tH 
W to (/j o 


- •• ^ O . Cj '- • 

^ c— g'H 2" M 
a 00 g 5 " ;*? 


O^ -mO 'O d 

tH'O O O 3 .« 

O'S'O • w 

g£co 3-jg 

-S“2 S-SS 

Sga" -"o 

^ *-» C .S'O'O 

O’ti g,£ 3 a S'O 

o 5? <2*0 

*3 — *M ^ W C 
C5 >.» O Op 

oSo-c 5g>5 

2"“ CO gi oa-“ 
5—0 -oa 
«''0 t_ S rJ 

wio’"2 

gogg ofo" 

n£SS? 


^.2 o ?s c 

W C'O 5 -2 to 

o-a^S 

c..-® O c u f-< 

4J ^ C C .Q ^ *•• 
o o ^ C o .C'O 
^ o 'ti o . o 
^**-( J3 x: *0 tn •'■ " 

S ^ 'P m tn O •»-> 
o o -., o « .H -C 

bS« 

0^0 

TS a E 'O C 

oicEco oa 
u Opc3 52w'd 
oo^'-'fc- ^”Co 
c^^*" fe* oCS-O 

"gs-g- -ass 

3^2-° S~°s 
■go E 25 * 5 ^ 
.SSRo 

g sS-" S , -2 3 

S2=o 

oS'a><AC a - •-2 ' 

‘'■'OO* ^.CvjS 

i:a: °gE 

5 = « o ®0 O ...3 s ■ 

C G w — p- IT*^" 


'O^’oCp^ Sflo*w 
c^w3m 2 mMes 

w i-tOco >Z<Ofc-'^^ 
r^cS.DjJsS' W-wHWO 


>S O U'M 


cm. 

; no 

*3 

0 

.S-u 

3 <•-* 

5 

0 

w 

1—* 0 

J3 
'O 0 

*-•.2 

XI 

■3 

JZ 0 
■"J3 

■i-i 

«M 

a.ti 


O'M 

0 


^ cf O 

•S 7-2i!^ 
5 o 3 H " 
"* 5 « 

fi c;*ax2 

g l£-a 

S Sg»£ 

•{■j " ^ 3 

^ o O m'M 
W "-OJ3 O 
0 

, . c> 

C5 £ G p 

■2 "S " 

G^;axj 

N * 2:5 
M ta c 

o G 2 H 

MSSU 


Jj, U 55 ^1^. s ^ 


= S g Site 

" Sirs 


5 8“ 2*0 


?:'or c'^oo 


cl 'o' 





m 


ARCHIVES OF SURGERY 


two such deaths Ouc occurred after it was supposed that the man had 

fully recovered. lie died suddenly “as if he had been pithed 

The margin of the great foramen magnum of the occipital bone was 
fiactuied, and it appeared that on suddenly turning the head, the condyle 
was displaced and the loose bone brought to press and nip the medulla 
oblongata.” The other ®- death occurred while the head was being shaved 
by one attendant, and the patient was being bled by another. The latter 
noticed that the blood no longer flowed ; “the loose portion of bone 
had been turned upon the spinal marrow, and crushed it.” In the 
head of a man examined by Beck®^ “the bone between the jugular 
foramen and the margin of the foramen magnum on each side was 
splintered into several fragments ... an entirely separate fracture 
was found in the region corresponding to the condyles of the occipital 
bone. ... On pushing the fragments up into the skull the opening 
of the foramen magnum was considerably narrowed, and this seems to 
have produced the injury to the floor of the fourth ventricle.” The man 
fell down a staircase that he was painting and was found standing 
on his head between the wall and the ladder. Shortly before Bruns 
explained this hazard from the small ring fractures, Trelat®^ also 
reported a similar unexpected death. 

With impartial disposition of fractures on each side of the skull, 
one might expect a similar balance in the distribution of the occasioning 
force. So far as the large ring fractures in our series of 80 are con- 
cerned (tables 1 and 2, cases 1 to 20, inclusive), the evidence of 
violence compressing the skull vertically against the spine is not 
overwhelming. 

In only 1 fracture of the group of 20 do the conditions match those 
commonly described for ring fractures. This was a fracture produced 
by a headlong fall of some distance to a cement court (JS). The 
fracture differs, however, from those usually described, because they 
are in adults, as a rule, and this fracture was in an infant 3 years old, 
and also because most of the reported ring fractures caused by similar 
accidents have been close to the foramen magnum. This infant’s scalp was 
bruised on top. With each of 5 other fractures in the group of 20 (I, 2, 

11, 13 and 16), the scalp injury was close to the inion, and there were 
contrecoup contusions of the brain at the front end of the cerebral hemi- 


82. Bell, C. ; The Nervous System of the Human Body, ed. 3, London, Long- 
mans, 1844,' observation 149, p. 403. Both observations by Bell arc mentioned by 
Chassaignac: Lesion traumatique du crane et des parties qu’il contient. These dii 

concours, Paris, 1842, p. 27. , r. t j n/t 

83. Beck, M. ; Fracture of the Base of the Skull, Tr. Path. Soc. London 24: 

181, 1875. . . 

84. Trelat, U. : Fractures du crane, Bull. Soc. anat. de Pans, senes I, 27.2Io, 

1852. 
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s])heres, indicating that when violence broke the skull, the head was in 
inotion and was arrested at that moment. In 6 other bodies {4, 5^6 0 
10 and !:>), there were contrecoup brain bruises at the front tips of the 
h-ontal lobes. I)ut no scalp injuries. One man (9) was assaulted ; another 
It was said, fell on a sidewalk (10). The distance of the fall in another 
case (5) was not learned. Street traffic caused the other 3 accidents 
(-/, 6 and 15] . The way blows at or near the occipital boss make large 
ring fractures about the foramen magnum will be discussed when small 
ring fractures are reviewed. But it is well at this time to emphasize 
the existence of evidence of violence to the back of the head in both 
of the last two groups, 11 fractures altogether. In one group, the 
evidence consisted of scalp injuries and contrecoup brain bruises; in 
the other, siinpl}' brain bruises. 

Five of the 20 large ring fractures were less S 3 mimetrical than the 
others {8, 12, 14, 17 and 19). The brain bruises were also less sjnn- 
metrical, which accords very well. In all 5 bodies, the scalp injuries 
were definitely on one side, an observation in accord ^vith the first two. 
In order to explain the ring fractures at the base in these S craniums, 
it is necessary to assume that the head was twisted in some manner 
when hit. The course of events, let us say, for the man 63 j^ears old 
(8), was possibly as follows: His first injury was dose to the outer 
angle of the left eye. By this, he was unbalanced, and his head was 
turned to the right. Then he fell so that the scalp was bruised behind 
the right ear. The lagging brain received a contrecoup bump at the 
anterior end of the left cerebral hemisphere. But the accompanying 
large ring fracture is almost symmetrical. If it was caused by the 
oncoming weight of the trunk drwen against the base of the skull, 
it seems plausible that the head at the time was swung around by, 
and on, rotating cervical vertebrae, so that compression against the 
spine was from behind the right ear. Applying this notion of a bent 
head to another of this group of 5 fractures (17), in which the contre- 
coup bruises were in the back poles of the brain and the external 
wound was above the left eye, one may suppose that the head was 
thrown well back and a little to the right when the man hit something 
face first, and the blow of the spine on the base of the skull made the 
fracture. 

Two other large ring fractures (3 and 20) may have been produced 
entirel}'’ by violence to the base of the skull. There are no positive 
indications of this; in fact, both fractures resulted from vehicular 
accidents. It rather staggers belief that blows from vehicles ma}' so 
project bodies that the only force applied to the skull is by way of the 
spine. On the other hand, bones of the lower extremities were broken 
in both bodies. The boy’s head (3) was bruised on each side, but the 
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stieet car liad draggled him some distance. His brain was not bruised 
outside, a condition coiunion with skuil fractures in children. The man 

V automobile at a street crossino- 

Although no bones of the trunk were broken, the esophagus and left 
lung were torn. According to the necropsy record : “About the junction 
of the esophagus and diaphragm, there is a blood-stained region includ- 
ing the adjacent lung which is irregularly torn from the entrance of the 
left bronchus to the diaphragm, so that the branching of the pulmonary 
vein is seen in the bottom of the tear.” The tear in the esophagus was 
small, in line with the tear in the lung and at the diaphragm. The 
bruises of this brain were confined to the parts in contact rvith the 
base of the skull. Obviousl}'^ of greater importance are the character 
of the fractures and the absence in each body of injuries of the scalp 
in the midline. 

Evidence to explain another large fracture ring (7) is even less 
satisfactory. One knee was bruised ; the scalp was not injured outside. 
The little loose blood it contained was only 1 mm. thick,®® opposite the 
fracture, with its inner limit at the pericranium and obviously from torn 
vessels in the bone. The injuries of the brain were behind and not 
contrecoup. 

The 16 smalt ring fractures (21 to 31 and JJ to J7, inclusive) may 
also be examined in groups. With 11, there were associated scalp injuries 
about the lambda. This is a larger proportion than the 5 in the group of 
20 large ring fractures. Because the numbers are small, this difference 
may have no significance. Another variation is the fewer contrecoup 
bruises at the front poles of the cerebrum as compared with the fre- 
quency of similar contusions of the brain accompanying the large ring 
fractures. Study of the tables will also disclose more bruises of the 
bottom of the brain with the small, than with the large, ring fractures. 
But these are trivial particulars contrasted with the evidence pointing 
to the production of 23 of the total number of 36 ring fractures,®® 
both large and small, by violence applied to the back of the head and 
not, as one would expect, to the vertex. This evidence, as has been 
stated, consists of contusions of the scalp at or close to the mion and 
injuries of the front pole of the cerebrum. Each supplements the other 

85. In o7der to decide whether blood free in the scalp results from exferual 
violence at that place or is from vessels in the bone torn by the fracture 
cuts close together should be made from the inner surface of the reflected sea p 
outward, and almost, but not entirely, through the scalp. , , ^ 

S6. Among the large ring fractures, 1, 2, 11, 13 H; A 5 6, , am . 
among the small ring fractures, 21, 25, 2T, 2S 29 30, ./ a., 
dorsal scalp injuries and 21 with deeply bruised tips of the frontal pole of 

cerebrum but no scalp injuries. 
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wlien together in the same body, but either alone suffices to indicate 
definitely the place where the force fracturing the skull is applied. 

Persons afoot on the street, hit by street cars, automobiles and 
tiucks, are knocked down and occasionally run over,®' A few undoubt- 
edly are violently thrown some distance, but they are seldom tossed 
;up so as to come down head first and sustain scalp injuries of the 
vertex. On the other hand, head-first landings occur after ejection 
from vehicles in collision. But among the 23 fractures caused by 
violence applied to the back of the head, only 7 were produced b}^ 
vehicular accidents. Eight persons fell. Presumably, the man assaulted 
(P) also fell. One, a woman {29), was hit on the head with an ax. 
For the remaining 6, the circumstances were not learned. So there is 
nothing uniform in the nature of the accidents. There are other factors, 
however, that presumably prevailed in all 23 casualties. The persons 
were alive when injured, with their heads, necks and trunks normally 
held together, their cranial cavities full of brain, cerebrospinal fluid 
and meninges, and all the intracranial blood vessels contained more or 
less blood. The head, when hit from behind, was not sent rolling away 
from the body. The neck held it fast, and at the lower end of the neck 
the weight of the trunk and extremities resisted. 

Among those persons knocked down so as to fall backward, the 
backs of some presumably struck first, and the head, with increased 
centrifugal speed, struck immediately after. For others, these events 
may have been reversed, the head hitting first. In any case, the force 
applied to the back of the head in the midline was disposed, in order to 
make the ring fractures, either to drive the head down on the spine or 
to tear it away. That the latter deserves consideration is indicated by the 
impossibility, without fractures being produced somewhere, of forcing 
all the bony parts in the midline behind, from the occipital boss down to 
the level of the scapular spines, to lie in contact with a flat surface at the 
same time. In not one of the 23 ring fractures now under consideration 
was the neck broken. The cervical vertebrae held together, but the 
floor of the skull gave way to a force which, according to this view, 
was inclined to jolt the head away from the spine. IMoreover, the 
floor of the skull broke where it also fractures when compressed vertex 
to spine or vice versa, that is, in its weakest places. \\ hen Quenu 
and Tesson made the large ring fracture already refen cd to, an 
entire dead bod}"^ was fastened to one of two heary planks, but the plank 
extended only to the shoulders; the head was left free. The planks 
were fastened together end to end by a hinge. From an erect position, 
the bod}’’ with its plank was forcibly thrown to the floor so that the 

87. Bacon, L. H., and Le Count, E. R.: Automobile Injuries; A Study from 
Records of Postmortem Examinations, Arch. Surg. 18:769 f^[arch) I9-A 
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occiput struck the rim of a curbing; the large ring fracture produced 
had no branches. 

13 mention is made of a ring fracture described bj 

Jdell as a “pure instance of counter fissure,” the blow being delivered 
on the back of the head of a man in a tunnel by a bucket that fell 
50 feet (15 meters). One may well wonder what the position of the 
man u^as, how far forn^ard his head was bent and whether he was erect 
or on his knees, so that the falling bucket was able to hit “the strongest 
part of the skull in the convexity of the occipital bone.” Answers to 
these questions correlate with whether the bucket drove the head down 
on the spine or partty tore most of the head away from the spine when 
the ring fracture was made. 

There remain for consideration 4 small ring fractures {22, 23, 26 
and 25). Two of these {22 and 35) probably were fractures produced 
by crushing the head from side to side. In 1 case both sides of the 
head of the boy {22) were bruised severely in front of each ear. The 
prevailing transverse course of the fractures indicates that the head 
was run over. Both petrous bones were loose. Opposite the transverse 
fracture of the basilar plate of the occipital bone, the brain stem was 
completely severed. The slightly damaged skull cap is astounding 
when compared with the comminuted base. A second allusion to the 
symmetrical ring in the front half of the base of the skull is warranted 
on account of its uniqueness. With the other accident {35) came a 
circumstantial tale of the body being crushed between the wheel of a 
wagon and a barn door, and the head was the only injured portion. 

In this skull, the basilar plate was also fractured across well forward. 

The third of these 4 fractures occurred when the front of the thorax 
of the woman {23) was apparently hit by the street car, for the fractures 
of the ribs were all close to the costal cartilages. She probably fell 
backward. Although the brain was not contused, the hemorrhages in 
the leptomeninges were on the frontal lobes. The fourth fracture was 
due to violence behind the left ear {26). A bruise there was 
the only external injury of the head; the asymmetrical enclosure of the 
foramen magnum by fissures is only a detail of severe comminution 
spreading from the site of trauma. 

Ventral Ring Fractures of the Vertex {5). — Apparently these frac- 
tures have not received any special attention. Descriptions of them 
are exceedingly rare. One interesting account deals witli the popular 
Duke of Orleans, son of Louis Philippe I, King of France. The Duke 
was thrown from a carriage on July 13, 1842, and (bed aliouf five 
hours later.*® The cranium was broken into upper front and lower 


88. Bell, p. 467. 7 Rj 3 

89. Editorial, Lancette frangaise. Gaz. d. hop. I5:44d, Ih-t- 
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back portions by fractures on each side from the lambdoid suture 
forrvard and down in the middle fossae. The body of the spbenoic 
bone was broken across; the squamous part of the left temporal bone 
was loose and held in place only by soft tissues. Although other expla- 
nations were suggested- Marchal (de Calvi) insisted that the Duke 
had fallen so that the back of his head on the left side first hit t le 
roadway. In support of his contention, Marchal appeared before the 
.\cademy of Medicine with a skull in which he had produced injuries 
similar to those in the head of the Duke. He had taken a cadaver and 
stood it erect on an amphitheater table. Facing it, he took it by the 
shoulders and hurled it to the floor so that the back of the head on 
the left side struck first. He described the resulting fracture as follows; 


Cette fracture, qui s’etend de I’occipital, a droit et a gauche, jusqu a la base du 
crane en passant par te milieu de la selle turcique, et qui divise le crane en deux 
moities, I’un inferieur et poster! eur, I’autre anterieur et superieur est semble a celle 
du prince. 


His demonstration created great interest at the Academy and is set 
forth here at length because, although the fractures in the Duke’s 
head are referred to frequently in the older literature, their experimental 
duplication by Marchal has been generally neglected.®" In both skulls 
there were ventral ring fractures of the vault, but the upper front 
portions broken away from the rest of each cranium, judging from 
ilarchal’s descriptions, were somewhat larger than similar portions in 
craniunis 38 to 42. inclusive. Berchon®® described a healed fracture 
that ran all the way around the top of the skull horizontally, but lower 
on the left side, below the occiput behind and through the left frontal 
eminence. Berchon found the skull in the museum at Rochefort. It was 
brought there from New Caledonia. In the cranium of a boy w'ho died six 
months after a bicycle collision. Phelps noted a healed fracture which 
extended “from the left temporal fossa across the forehead, three- 
fourths of an inch above the supraorbital ridge, to a point three-fourths 
of an inch internal to the right external angular process and then 
'vnh a curve passed upward and inward to the median point of the 


90- Sec tlic kuers by Le Gros and Tanchou.ss pp. 406 and 407. 

91. Footnote 89. p. 432; see also: Marchal (de Calvi) : Relation chirurgical. 
'le la^mortc du pnnee royal, .■\nn. de chir. franq. et etrang. 5:465, 1842. 

92, Marchal evas evidently present in the little shop where the Duke died Hi 

-'nunl. Oxn^oi he last volume of his “History of France” also described th 
tri . sine scene .and said he was there three hours. 

e-ni! j circonscrivant presque regulierement la voute d 

s'v. anal. cicatrisation osseuse complete, Bui 

riHlpO-" case 117. p. 466Vca'se 51. p. 466, and case 82, p. 444 . 
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(•tluT si-ilik •( I«-^cnptjon he gave of the fractures in two 

tlut .skulls also suggest ventral nng fractures of the vault. But 

K-(c ate tio illustrations, unfortunately, and connected with the frac- 
tures ot the vault tliere were other fissures radiating down in the 
lower hah of tl,e craniiiin. In the long analysis of skull fractures by 
l>ruu-'’ there are illustrations of the course followed in 127 skulls 
by Iraetures of the type from which our 80 were chosen, but none is 
a ventral ring fracture of the vertc.x. Other contributions like this 
by Brim liave lieeii e.vainined with similar results. 


Ihe lir.st of the ventral ring fractures of the vertex in our series 
(.’.V to VZ, inclusi\'e) were fairly .symmetrical; the other 2 were decidedly 
less so. There were brui.ses and small lacerations of the left side of 
the face of one of these 5 bodies (SS). The lower left incisor was 
freshly knocked out. the corresponding upper tooth loosened and the 
tongue torn. Directed obliquely across the head was a lacerated wound 
behind the right ear, 'I'lie hrain injuries were mainly of the bottom 
portion and in the frontal and temporal lobes. The front cerebral tips 
were not contused. The nature of these injuries together with the 
fracture-dislocation between the fifth and sixth cervical vertebrae indi- 
cates that the face was hit first and the man knocked backward; also 
that the head was in motion when it was arrested. Although the force 
breaking the skull was obliquely directed from behind forward and from 
right to left, the symmetr}" of the cup-shaped disk almost broken from 
the rest of the skull is remarkable. In the next head in this group (2P), 
there were also contusions and small fresh tears of the face, mainly 
on the left side, but no other external injury of the head. There was 
a large bruise in front of the left ear on a third head (4J), with a 
lacerated wound in the scalp covering the front of the right frontal 
fossa. If these injuries Avere produced by a side to side compression 
because the taxicab ran over the head, they probably were made after 
the skull Avas fractured, for the 3 fractures radiating forward from 
the lambda are unlike those produced by violence applied to the sides 
■of the head. In the soft tissues of the other 2 heads (4l9 and 42), 
there AA’ere no external injuries except a curved surgical incision behind 
the right ear of 1 (42). Close to the bone blood had spread from the 
fractures in the deep scalp tissues of both heads and in the orbits and 
eyelids of 1 (40) where the floor of the frontal fossa Avas broken 
extensiA^ely. None of these 5 ring fractures^ Avas complete. In 4, the 
gap AA^as at the front end; in the fifth (40), it was in the vertex. The 
bottom of each of the 5 brains bore signs of injuries in the front 
half; in 1 (JP) there Avas simply leptomeningeal hemorrhage ; m the 
others, contusions as well. There Avere no contusions at the front of 
the cerebrum in any of the 5 brains. Four of the fractures were caused 
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bv motor vehicles. How the fifth { 42 ) happened was not learned: it 
probably was a similar accident. “Alcoholism and suspected skull 
fracture’’ was the only recorded diagnosis. 

The similarity of these fractures implies a force acting in the same 
direction for all 5. One of the bodies { 42 ) came to necropsy 
with the head entirely shaved. Tops of 3 other heads were bald { 38 ^ 
39 and 41 ). Under such conditions, had there been injuries of the 
outer lavers of the scalp opposite the dorsal parts of the ring fractures, 
they would not have escaped notice. A fourth head { 40 ) was that of a 
Me.Kican with coarse black hair 15.5 cm. long "on top. The fractures 
in this cranium differed from those in the other 4. They were uncon- 
nected in the vault and comminuted in front. The natural inference 
that violence was applied to the face has no support from injuries 
there, for there was none. The eyelids were purple from bleeding 
which developed graduallj" in the hospital. Moreover, at the time of 
entrance there was “a lump over the right parietal bone.” In the scalp 
of the fifth head ( 38 ), there was a lacerated wound on the right of 
tile occiput, but the bruises of the face, as well as 3 broken ribs, were 
on the left side. Apparently the automobile struck the man in front, 
hut more on the left side, knocking him down, and when the head hit the 
road the symmetrical ring fracture of the front portion of the vault 
was produced. 

It is difficult to exaggerate the importance of the location of the 
liraiii injuries in any venture to understand how these 5 fractures were 
produced. Some brains bore bruises elsewhere, but the front half 
of the bottom of each was injured. The front tips of the cerebral 
iieuiispiicrcs were uniformly unhurt grossly. These conditions have 
two definite implications: that the heads were in motion and that 


alirupt arrest and fracturing occurred when the back of the crowns 
Uriick sometliing. (3nc natural corollary is that 3 of the 5 heads, and 
p'l^sihiy a fourth, struck soft or padded surfaces, and the scalp opposite 
the injured ]iortion of the brain escaped injurv. 

In iiur review of the literature on ring fractures of the base of 
the vkull there is abundant evidence of interest in the influence that the 
weielil and the resistance of the trunk have in the production of 
the fr;^ctnre^. Ihu the part played by the trunk mass in causing other 
'arutie- nf cranial fractures has not received the attention it merits. 
^ tar creaUT and reprehensible neglect has been the failure to emphasize 
nte;^,.rly the importance of the face mass. In both particulars this 
‘■on -.ml h;iv been only relative.’" W e have been unable to find measure- 


iir k sr.vcanniac dcs iractwes du crane. Arch. gen. de chir. 6:689, 
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nu.nts ut tlK- wcM^lu of the face ,na.ss. The inaudible, other bones of 
« aci .uul (he soft parts of the face that we removed from one 
n;ammn soon after death weighed 815 G.m, but they were well drained 

' weighed at least 2 pounds (0.9 

Kg.). With the increasing momentum such a mass has at the end of 
a backward fall, its pre.-^surc on the liottom of the front end of the 
cranium must be considerable. If before the fall the body is thrown 
npwaial somewhat and in falling comes down head first and obliquely 
to the gromul. as an arrow docs at the end of its flight in target 
shooting, and tlie back part of the crown strikes first, conditions exist 
\\ Inch may account for thc.se ventral ring fractures of the I'ertex 
(.vS to 72. inclusive). In these 5 skulls the parts below the ring 
fracture lield fast, whereas (he face mass tended to move on with the 


cranium above the fracture. 'I'lieir momentum was not checked simul- 
taneously with the rest of the head. The force was delivered obliquely 
near tlic occiput and in the midline, and the resulting ring fractures 
are obliquely and symmetrically disposed in the front end of the 
cranium. 'I'liis explanation has some support from the presence of 
broken necks in 2 of the 5 bodies {3S and 41). W^ith the other 75 frac- 
tures in our scries, there were only 2 other broken necks {14 and 32). 

Symmetrical fractures of the Orbital Roofs (6 ). — In searching for 
accounts of ring fractures, we came across many records of asymmetrical 
independent and solitary fractures of the base of the skull. Their 
inclusion in a table, because of the historical value it would possess, 
was seriously entertained'. But the number of such fractures observed 
is too large and. although intimately related, they are unlike our 80. 
W^'e were able to foresee that in this omitted table there would be 
many short segments of ring fractures. Among about 90 of these 
asjunmetrical fractures of the base of the skull we found 22 soli- 
tary or independent fractures in the petrous bones and 22 in the orbital 
roofs. Fourteen of the latter ■were on the right side and 4 on the left, 
and for 4 the side was not stated. W^e also found 11 reports of more 
or less symmetrical fractures in both orbital roofs with, in 9 of the 
skulls, fractures elsewhere in the cranium. In the 2 remaining, the 
fractures wei'e solely in the orbital roofs. This we encounteied in our 
case 32; associated injuries were bruises of the nose and forehead 
and a fractured third cervical vertebra. The other sjunmetrical frac- 
tures of orbital roofs (2, 9. 22, 52 and 66) were associated, but uncon- 
nected, with fractures elsewhere in the cranium. 


96. The body was not embalmed. 

97. Leriche: Fracture du crane; epanchement de sang a la base; kyste de 

I’arachnoide Bull. Soc. anat. de Paris, series 1, 10:55, 1855. Vjneent E. . Con- 
irttnt I’^tude des fractures indirectes de ^ base du e. es Ks.ons consec- 

utives au.x traumatismes cerebraux, Alger med. 15.141, 1887, 
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j hc.acls { 2 . .attd 661 were in motion wl'.en huTen.^ i i-,-' v 
fourth hc.ad (22) was hit hy a hammer on the left -,<le i r.- t 
was transverse, ami the jcirt enacted hy the i-acc m.r '- ••v.o 
resistance, such as the sj'iite everts at the otln i eiai o. ..a 
skull. It has lone been knowji that sohtavy fia.tuti'. t.‘. tl- 
roofs often are caused hy hlov.s ott the fotehea.l <.) ihi.-ht-. 
upper part of the face, ihuschacomt. ' a*. ;t'. n. 

insi a presentation hy Tavit^not. cotnmente'l on ilte ;ae;h't 
this is accoitiplished on cadavers. 1 he ttnevettni-.-^ ot th.e o*. ..u. 
causes them to buckle when axes are dtot'ene.l, Stne.'.l 
of thin, translucent hone rentain attached to the duta w'.u '.^ tlw 
hared, and tatjs of orbital fat are forced ttt the ctamal c;i%:t_\. ^ 
of this sort caused the fracttires in ca-e ?> 2 . 

Althous'h it is always snrprisint; to find the entne ctamum <■; 
its upper or lower halves split in two parts hy either sa.vp.ttal <>! nt.’u- 
less syinnictric.al transverse fractures, the e.xjierieuce is iaui;. c.'nnn.ai 
in postmortem examinations for inedicolei;al juirposi-s. The fi.icimes 
usually have direct paths easily reconciled with both the ihtection of 
the causal force and the site of its application. I'or these lea'ons, tin- 
attention given these iractnres in medical literature is inconsidn.thle 
and devoted chiefly to recording their incidence. In this speei.al gr. mp 
of 80 selected fractures. 38 arc either transverse or s.agittal. We shall 
restrict our discussion to the evidence obtained about the nature of 
the violence causing tiicin, tiie way it acte<l and the degree with which 
this violence is reflected in the ])cculiaritics of the fractures. 

Dorsal Traiisrrrsc Fractures (10 ). — ^The fir.st 4 fractures in 
this group (43 to 46. inclusive) were in the base of the skull and were 
onh about half way around. They extended so .short a distance in the 
skull cap on each side that the sketches arc not re)>roduced. In the 
next 3 skulls (47, 48 and 49), the fractures run a little higher, and 
their location is represented on diagrams of the sides of the skulls. 'I'he 
dotted lines represent the course on the opposite side. Two skulls ( 50 
and 52) were broken almost in two. and 1 (51) was completely broken, 
n 3 (44, 48 and 49), the fracture ran across the front of the clivus. 

98. Bouebacourt, in discussion on Tavignot: Observation de fracture dn crane 

toT 15:37 1840 

bave-o d^'nonstrated experimentally by Cbipauu' and Bnaque- 
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i 1 H ,s Me ,eha. I, as l«en written about fractures 

Kind. Jlicy arc jiot luicomuKai. and it has been quite generally 
aocepu-d inr many years that they are caused by force applied to the 
Mdes of the Shull. I he manner in which 2 of the 10 fractures m and 
•/2) were sustained was not learned. One (-/i) was due to a fall • 
•'mother (Pd). to hemg hit by a street car; another (52) resulted from 
singgmg by burglars, and motor vchiclc.s caused the remaining 5 {44, 46, 
■//. AV and 5/). 


Our interest cemcerus the external injuries and the injuries of the 
brain and the bearing that their location has on the character of the 
fracture, 'i'he information about 1 body {43) is too defective, and 
no external injurie,s were present on a second {45), except a bruise of 
the back of the right elbow. Such bruises are ver}'- common on the 
bodies of persons who fall backward or who are knocked down. Some 
of the bruises of the brain of this body {45) were at the front end. It 
was snifl this man fell downstairs. His head may have hit more than 


once. 

Inter])retation of what happened when 3 other bodies were injured 
is beset with diniculties. One of these {47) was the body of a man 6 
feet tall (IS2.9 cm.), weighing more than 200 pounds (90.7 Kg.). 

lacerated wound was found in the right temple; there were 11 frac- 
tures in 7 ribs on the right side ; the right innominate bone was broken 
in its pubic and ischiatic portions, and the left pubic bone was broken 
close to the midiine. The right side of the forehead and right eyebrow 
were bruised. The most reasonable explanation is that when the man 
u’as hit he fell forward, bruising the face and the back (contrecoup) 
of the brain ; then he was run over so that the ribs, pelvic bones and 
skull were fractured. The alternative is that all the injuries of the right 
side, including the fractures, were first received when he rvas struck 
bv the automobile, and that subsequently a fall forward injured the 
face and brain. The automobile that another man (51) was driving at a 
high rate of speed collided with a truck. In the pons, there were multiple 
minute hemorrhages indicating severe impact. This is supported by 
the loosening of a fragment of the calvarium above and behind the 
right ear. Another possibility is that when the skull broke, the front 
and back fragments bent a little, the one on the other, for the frac- 
ture ran all the way around, and that when bending occurred, the pons 
was bruised. But scattered small hemorrhages are frequent m the pons 
from trauma when the skull is not broken in two, and they accompan}^ 
fractures rvhich fail to correspond to any special pattern. Absence^ o 
injury of the left hemisphere indicates that the head was not moving 


100. In this connection see the article by Greenacre, P^; 
Intracerebral Hemorrhages, Bull. Johns Hopkins Hosp. 28:S6, 1917. 


Spontaneous 
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at any considerable rate oi speed (rom left to riijhl when tlie blow was 
received that broke out tlic piece l)ehind the ntiht ear. Ibe lelt cheek 
was bruised, and this, with the absence of conirecoup hnusmt: <>1 the 
brain, pomts to a side-to-sidc compression of the head. 

As for the third body {52), a Xegro whose head was hit on the left 
side with a hammer by burglars, the sole question concerns bruises 
antipodal to the region of comminution in the left side of the s\-.uU 
cap. The outside of each temporal lol)e and the Ixilloin of Ixith the 
frontal and the temporal lobes were bruised, the bruises on the right side 
being much larger than those on the left. It would seem, therefore, 
that after the man was slugged, he fell so that the left side of the heail 
struck. This assumption involves the possibility of a localized fracture 
of the left side of the head made with the hammer, and a transverse 
fracture, almost complete, due to the fall. Injuries in the other 
5 bodies {44, 46, 4S. 49 and 50) arc accounted for easily. Brain injuries 
were more marked or limited to the right side in 4 bodies { 44, 4S. 49 
and 50), and there were external injuries of the left side of each head. 
In the fifth body {46), these conditimrs were reversed. In other words, 
both the external and the cerebral wounds corroborate trauma to one side 
of the head. 

Transverse Ventral Fractures (6). — It seems that the.«e side- 
wise circular fractures prevail in the bottom half of the skull. (.)f 
the 10 dorsal fractures just reviewed, 7 were incomidcie in the verte.x 
and 2 in the bottom. Of the 6 ventral sidewise fractures, 4 had their 
gaps in the skull cap (53, 54. 55 and 56) ; 1 was unfinished in the 
bottom (55), and 1 was probably complete {57). Fracture 53 was almost 
complete. Of particular interest is the sagittally directed fracture in 
1 bead (56) from the sella to the front rim of the foramen magnum. 
With 4 of these 6 ventral ring fractures (53, 54. 56 and 57). there 
were injuries of the outside of the head on one side, usually farther 
forward than those accompanying the dorsal transverse fractures. 
In each of these 4, there was sufficient bruising of the brain opposite 
the external wounds of the head to stamp it as indirect. These 4 heads 
V ere in motion when struck, and the movement was in paths connecting 
their external injuries with the opposite brain contusions. One of these 
bodies was that of a man who, it was said, was run over by a horse 
and wagon {54 ) . His injuries conform simply to those inflicted by being 
struck down. There were tales of falls concerning 2 other cases : in 1 
the fall was over a stair railing (57) and in the other, from a porch 

on a thud floor (56). In the latter body, the injuries of the trunk were 
severe. 

In another instance it was said that the woman (55) was “run down 
an auto.” Apparently, the fractures of the cranium and mandible were 
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t'.etr niattilv or altogether in the vault: the next a ( 71, 72 and 73) 
V.ere in the vault and hase. and the rest {7-1 to 80, inclusive) were 
vNceeitiurdy hasilar. jndyini,' solely from the inner surface of 1 cranium 
Id'll, tliere were iuileiieudcut fractures in the orbital roofs; in another 
lo/), the hones of the face were hroken on the right side; lengthwise 
fractures of the chins were (iresent in 4 (/•/, 75, 77 and 80)) in 4 
heads to/. (\3, 72 tuid 73), there were unilateral surgical decompression 
wounds of the scalp and cranitnn. A history of a fall is quite common 
with sagittal fractures. ( )ne man (70), it was said, fell from a street 
car; another (77) was knocked down in a light: a third (73) was 
found sitting on a .sidewalk after a fight; 1 of the 4 women (75) was 
found moaning at the foot of a stairway: for 7 others (60, 65, 66, 
o7, 71, 7o and 7^^) the history of a fall was even more definite and 
reli.’dile. d'his makes a total of 11 fractures due to fails. Six of the 
remaining 11 {61. 62, 63, 61. 72 and 78) belong under the caption of 
nccitleiits from motor vehicles; another (SO) fracture resulted from 
heing hit In- a street car, and the circumstances for 4 (59, 68, 69 and 
74) were not learned. 

At present, there seems to he no reason for dealing separately with 
these sagittal fractures, because some were basilar and others were in 
the dome. In fact, comments on the mechanism of their production 
follow rather simple patterns. With the first (5P). tliere was no scalp 
or brain injury; tlie blood in the scalp was from torn intra-osseous 
vessels, and there was no history of injury. Accompanying another 
fracture (65), there was no hrain injury, but the leptomeninges on the 
vertex of the cerebrum were livid from traumatic bleeding. There 


101. These fragments were so small that no attempt has been made to represent 
them in fracture 55 Cfig- 8). 
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are, consequently, lor these 2 Iractures no reliable indications of where 
violence met the head. Limitation, or preponderance of. leptomeningeal 
hemorrhage and torn brain tissue to the pole of the head where there 
was external injury, coupled with absence of injury of the scalp at the 
opposite pole, are conditions associated with 4 other fractures {60, 6], 
62 and 72 ) ; such brain contusions are direct, and blows to these heads 
were probably close to the end of the fracture nearest the damaged 
brain. There were signs ol trauma at. or not far Irom, the vertex 
of 3 other heads (66, 71 and 76) with contrecoup bruising of the bot- 
tom of each brain, more toward the rear than usual. These were in the 
bodies of 3 men who fell ; it seems fair to assume that the craniums were 
not previously freshly fractured. In 3 more heads (67, 6S and 70), 
the brain wounds probably were contrecoup notwithstanding absence 
of external injuries at the opposite pole. Xo information was obtained 
of how the injuries of 1 body (68) were sustained, but falls caused 
those of the others (67 and 70). This disposes of 12 of the 22 sagittal 
fractures: 3 with force to the top of the head and indirect bruising of 
the bottom of each brain with the heads in motion when injured ; 4 asso- 
ciated with direct brain injuries and 3. with brain injuries, probably 
contrecoup; for 2, no assumptions are warranted. It is remarkable, 
but not at all astonishing, that noth the other 10 fractures there were 
uniformly contusions of the brain at one pole of the sagittal fracture 
and scalp injuries at the other, or. in some instances, at both poles. 
In other words, the craniums were broken when their motion was 
checked suddenly, and fractures beginning at the pole where the blow 
was received coursed sagittally from that point. 

^^he^^ the medicolegal postmortem examinations resulting in our 
records of the 1.278 linear traumatic cranial fractures began in 1911, 
interest in satisfactory explanations of the fractures was not so acute 


as during subsequent years. From the onset, however, when spots of 
hemorrhage were seen in the deep layers of the scalp, cuts were made 
to learn how close to the external surface the bleeding extended. 
Decisions were made as to whether the blood was from torn vessels in 
bruised layers of the scalp or from vessels within or close to the bone torn 
because the bone broke. Tears in small blood vessels in the fat just beneath 
the conum of the scalp occur sometimes without abrasions, discolor- 
rations or other signs of trauma on the surface. In many scalps, espec- 
y those of Negroes, this adipose tissue is a thick laver and can 
easily accommodate considerable blood. With death soon after accidents 

t brief 
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produced when the wheel of the machiiie passed over her head, for 
the brain bruises were on the right side where there was a huge 
abrasion of the face; the fracture in the lower jaw was opposite. The 
rarity of this grouping of injuries of the head and brain is worthy of 
comment. Ihe last of these 6 ventral crosswise fractures (58) is of 
even greater interest, because it was made with an ax. A portion 
of the fracture was a cut with some small fragments of bone 
at its site.'"‘ One of the fragments had been driven into the deep 
wound in the top of the brain. One remarkable feature of the injury 
of the head was that the long dimension of the edge of the ax was 
directly across the top of the head. 

Sagiffa/ Fractures (22). — The remaining fractures in our series 
of SO are mainly or altogether in the sagittal plane. The symmetry is of 
fragments, not of fracture lines. The first 12 (5P to 20, inclusive) 
were mainly or altogether in the vault; the next 3 ( 77, 72 and 75) 
were in the vault and base, and the rest (74 to 80, inclusive) were 
exceedingly basilar. Judging solely from the inner surface of 1 cranium 
(66), there were independent fractures in the orbital roofs; in another 
(64), the bones of the face were broken on the right side; lengthwise 
fractures of the clivus were present in 4 (74, 75, 77 and 80) ; in 4 
heads (61, 6S, 72 and 75), there were unilateral surgical decompression 
wounds of the scalp and cranium. A history of a fall is quite common 
with sagittal fractures. One man (70), it was said, fell from a street 
car; another (77) was knocked down in a fight; a third (75) was 
found sitting on a sidewalk after a fight; 1 of the 4 women (75) was 
found moaning at the foot of a stairway; for 7 others (60, 65, 66, 
67, 71, 76 and 79) the history of a fall was even more definite and 
reliable. This makes a total of 11 fractures due to falls. Six of the 
remaining 11 (61, 62, 63, 64, 72 and 78) belong under the caption of 
accidents from motor vehicles; another (80) fracture resulted from 
being hit by a street car, and the circumstances for 4 (59, 68, 69 and 
74 ) were not learned. 

At present, there seems to be no reason for dealing separately with 
these sagittal fractures, because some were basilar and others were in 
the dome. In fact, comments on the mechanism of their production 
follow rather simple patterns. With the first (59), there was no scalp 
or brain injury; the blood in the scalp was from torn intra-osseous 
vessels, and there was no history of injur}'. Accompanying another 
fracture (65), there was no brain injury, but the leptomeninges on the 
vertex of the cerebrum were livid from traumatic bleeding. There 

101. These fragments were so small that no attempt has been made to represent 
them in fracture 5S (fig. 8). 
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arc, conscc^ucntly, for tlicsc 2 fi'cictiircs no rcliciblc indications of wlicic 
violence met the head. Limitation, or preponderance of. leptomeningeal 
hemorrhage and torn brain tissue to the pole of the head where thcte 
was external injury, coupled with absence of injury of the scalp at the 
opposite pole, are conditions associated with 4 other fractures ( 60 , 61 , 
62 and 72 ) ; such brain contusions are direct, and blows to these heads 
were probably close to the end of the fracture nearest the damaged 
brain. There were signs of trauma at. or not far from, the vertex 
of 3 other heads ( 66 , 71 and 76 ) with contrecoup bruising of the bot- 
tom of each brain, more toward the rear than usual. These were in the 
bodies of 3 men who fell ; it seems fair to assume that the craniums were 
not previously freshl}^ fractured. In 3 more heads ( 67 , 68 and 70 ), 
the brain wounds probably were contrecoup notwithstairding absence 
of external injuries at the opposite pole. No information was obtained 
of how the injuries of 1 body (6S) were sustained, but falls caused 
those of the others (<57 and 70 ). This disposes of 12 of the 22 sagittal 
fractures: 3 with force to the top of the head and indirect bruising of 
the bottom of each brain with the heads in motion when injured ; 4 asso- 
ciated with direct brain injuries and 3, with brain injuries, probably 
contrecoup-, for 2, no assumptions are warranted. It is remarkable, 
but not at all astonishing, that with the other 10 fractures there were 
uniformly contusions of the brain at one pole of the sagittal fracture 
and scalp injuries at the other, or, in some instances, at both poles. 
In other words, the craniums were broken when their motion was 
checked suddenly, and fractures beginning at the pole where the blow 
was received coursed sagittally from that point. 

When the medicolegal postmortem examinations resulting in our 
records of the 1.278 linear traumatic cranial fractures began in 1911, 
interest in satisfactory explanations of the fractures was not so acute 


as during subsequent years. From the onset, however, when spots of 
hemorrhage were seen in the deep layers of the scalp, cuts were made 
to learn how close to the external surface the bleeding extended. 
Decisions were made as to whether the blood was from torn vessels in 
bruised layers of the scalp or from vessels within or close to the bone torn 
because the bone broke. Tears in small blood vessels in the fat just beneath 
the conum of the scalp occur sometimes without abrasions, discolor- 
rations or other signs of trauma on the surface. In many scalps, espec- 
ially those of Negroes, this adipose tissue is a thick kyer and can 
easily accommodate considerable blood. With death soon after accidents 
Jr J “ >'* is i«s md the time is too brief 
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cianium. Apijreciation of the significance of these conditions gradually 
increased in the course of time, so that in the latter part of the period, 
from 1911 to 1924, cuts from within outward were often made in 
the scalp at places antipodal to brain injuries when the deeper scalp 
hiyeis boie no stain of blood. Naturally, in this way, some scalp con- 
tusions previously unsuspected were discovered. Applications of the 
principles involved also brought about detection of healed cranial frac- 
tures diametrically across from superficial plaques jaunes of the brain. 
Some of these healed fractures were barely visible, and then for 
only a portion of what was undoubtedly their original length and 
distribution. It is probable that had the methods of examination of the 
scalp been thorough throughout the period of thirteen and a quarter 
years, scalp wounds squarely across from brain injuries would have 
been found with more than 10 of the 22 sagittal fractures. 

MECHANSIM 

In the comments on the 80 fractures in our series and their con- 
current injuries there are many allusions to the way the fractures were 
made. Ample consideration has been given independent fractures of the 
orbital roofs and ventral ring fractures of the vertex. In general, for 
fractures with satisfactory information about wounds of the scalp, 
brain and other parts of the body, as well as the circumstances attending 
the casualties, one of the main justifiable conclusions is that the direc- 
tions of the force and fracture are usually parallel. Questions of pri- 
ority for any of the accepted theories of the mechanism of traumatic 
fractures of the cranium are difficult to settle. Theories and their 
discussion have already endured two thousand years. But there is 
unwonted accord by modern writers in giving credit to Schwartz 
for establishing this conformity in the direction of force and violence. 
However, it is quite likely, as their investigations were published only 
a year apart, that while Schwartz was arriving at his decision by studies 
of fractures from human calamities, Felizet was obtaining a similar 
inference with a hammer and chisel in experiments on human skulls. 
The homicidal fracture made with an ax (5S in our series) is singu- 
larly corroborative of Felizet’s results. Other transverse fractures and 
many sagittal fractures in our series are indubitable vouchers for this 
agreement between violence-direction and fracture-direction. 

From the place struck squarely with blunt force, fractures should 
I'adiate in all directions as meridians toward the opposite pole. All 
such meridians lie in planes along which violence is propelled. It is 
true that from some places in the vault where the thickness of the 
wall is fairly uniform fractures do radiate in various meridians, for- 
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ward, backward, down the sides or at other angles, but those passing 
down as transverse {ractnres are more numerous than fissures with 
an oblique or sagittal course. This is brought about by a number of 
factors, among which arc resistance of the spine behind, the inertia 
of the face mass in front, the thin lateral wails and the protrusion of 
the base toward the center of the cranial cavity at the trausveise 
spheno-occipital synchondrosis. Meyer called attention to the spiral 
contour of the periphery of the cranium in the sagittal plane a smooth 
cun'e up and back from the glabella and over the vertex continued as 
a smaller coil from the occiput down, then forward and. tmalh , 
upward in the clivus. This also promotes an excess of transverse folding 
of the cranial floor, so that the fractures yield front and back more 
than other fragments. As was pointed out in the discussion of the 
transverse fractures in our series, they are of two sorts: dorsal and 
ventral. This is well shown in the composite illustrations by helir.ct'®^ 
and Dulles,^®* in which the paths followed in the inner table of the 
bottom half of the cranium by many fractures are represented in 
single diagrams. The region of greatest exemption in the floor of the 
middle fossa is that formed by the large wings of the sphenoid bone. 
Although the bone forming them is thin and usually translucent, they 
are protected outside by the thick crest dividing the zygomatic and 
temporal fossae, and to the rear of this by the heavy ridges of the 
roots of origin of the zygomatic arches. On the inside of each greater 
wing, the pterygoid processes jut forth vertically downward from the 
outer surface and act as girders for the floor. Fractures cross the 
base in front and behind these processes, but rarely through them. 
Behind them, the large carotid foramina and in front, the sphenoid 
clefts and optic foramina, seem to act as lures for the breaks. 


But violence is more commonly below the crown at or near the 
base level.^®- This vaguely defined horizontal belt in the cranial wall 
IS quite plain in front where the junction of vault and floor approaches 
a nght angle. Passing back, its distinctness lessens and is only faintly 
eudent in the rounded wall where the hemispheres of the cerebellum 
he. Radiation of fractures from the base level and from places just 
above or below this level is limited by architectonic features more 
protoundly than is the case with those beginning higher in the vault. 


iNIechanik des menschltchen Knochei 
.-wastes, Leipzig. Wilhelm Engelmann, 1873. p. 236. 

t03. Felizet.’J plate 1. p. 44. 

J04. Dulles, Mb plate XXVIII, p. 337. 

wt; T Lehre von den indirekten SchMelfrakturen. Arc 

973. 1904. WaUouM - F’-aetures of the Skull, Lancet 1 
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For the buttresses running up and down from the base level hinder 
honaOntal bending. The panels between the buttresses behave like a 
barrel stave does when, lying convex side up, it is jumped on ; it breaks 
across, hractures run vertically in the panels because the buttresses 
do not spread apart readily. They support the panels horizontally as 
the ground supports the ends of the barrel stave. With sufficient 
foice, of couise, the buttresses also break. But radiation is usually 
iij) and down in these legions, and fractures are guided by the buttresses 
into portions of the cranial wall between them. Although others, notably 
Aiau^' and Irelat,”'’ had observed the frequency of vertical fractures 
in the panels, Felizet’s prestige for the explanation of their course 
has been and probabi}" will continue to be time-honored. At this point 
it is expedient to add to the factors conducive to transverse radiation 
from the vault the greater distance between the two lateral, than between 
the other, buttresses. 

The accounts of the 45 ring fractures in the literature are full of 
statements about headlong falls, and exceptionally about falls so that 
the bottom of the cranium was violently pushed up by the spine. 
These, supplemented by the experimental production of a few ring 
fractures made by blows on the vertex, leave the impression that basal 
ring fractures are due to force vertically directed from above or 
below. Such an impression clashes with the profusion of evidence that 
many of our 36 basal ring fractures were produced by violence applied 
at the occiput. But this apparent disagreement should not be taken 
seriously, because the fractures in the two series are so similar that 
it is fair to assume that rather uniform conditions prevailed in the entire 
lot of SI basal ring fractures. There were several mechanisms. Excluding 
those made experimentally, the incidence of the different mechanisms 
in the two series, in all likelihood, was much the same. A few were 
due to impact of the spine, some from force directed down from the 
vertex and many from bumps on the back of the head. The way force 
alined with the spine makes these ring fractures requires no explanation. 

It may be recalled that the 80 fractures represented in figures 5 
to 9 were selected from the records of 1,278 linear cranial fractures 
due to blunt force. With a view to better .understanding of the basilar 
ring fractures from injury of the back of the head, a cross-section 

106. In the accounts of skull fractures most te.xtbooks give some consideration to 
these thicker vertical parts of the cranial wall. Trelat,®'^ in 1855, and subsequently 
Felizet.i- in 1873, called them buttresses (“poutres du crane”) of Rathke. Hilton 
also described them. “Arcs-boutant” and “murs-boutant” are other designations 
(DuretOG). They number 6 : 1 in front and 1 behind, both in the sagittal plane : 

I on each side with the external angular process as its strongest part; a sccoii 
lateral pair including the mastoid processes and petrous bones. See Le Conn anc 
Apfelbach.'*" 
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study was made of the remaining 1.198 necrop.sy records to !e;nn %\h.it 
sort of fractures result from blows at the occiput when ring {r-icturt.'^ 
are iwf produced. The records examined numbered 352. about 30 per 
cent of the 1,198. They concerned necropsies made in six short ix-riods 
qviite evenly spaced during the thirteen and a eptarter years. (Of tlic.^'C 
352 linear cranial fractui'es, 40 were produced by force at or nc.ir 
the occiput; each one of the 40 was associated with wounds of the sc.dp 
covering the lambda or the inion. Among the 40. there were 10 sagittal 
fractures behind the foramen magnum with more or less irregular branch- 
ing at their front ends ; 2 others were paramedian.'^'’ The remaining 28 
of the 40 fractures were rings or segments of either large or small rings. 
Two were ring fractures with so much asymmetry they were not used to 
augment the selected 80. A third fracture was simply the 
back half of a large ring; another coursed horizontally in the 
back half of the cranium ; 3 followed the lamhdoid suture to the 
left, and 3 others to the right, from the midline. The rest of the 28. 
as one would expect, were fractures lengthwise the occipital panels : S 
were in the left panel and 7 in the right; and in 3 craniinns botn 
panels were split with fractures beginning at the inion. From this 
reckoning, 11, or 12 per cent, of the 1.278 fractures were from injury 
of the back of the head, and the fractures so produced were roughly 
one third in the midline and two thirds in rings or segments of rings. 

more interesting outcome of the survey is the conclusion that 
both large and small basilar symmetrical ring fractures produced by 
trauma at the occiput are simply part of a pattern which includes 
sagittal and paramedian fractures coursing forward in the base and 


many fractures which may be regarded as segments of rings. The 
suggestion has been made^®' that force at the occiput is transmitted 


directly to the top of the spine. This opinion is based on the oblique 
position the cranium has on the top of the spine, with the front of its 
floor higher than the rear and with the anterior portions of the opposed 
articulating surfaces of the atlas and occipital condyles markedly sloping 
upward and forward. Force directed obliquely against an immovable, 
irrefrangible object tends to ricochet at an angle equal to that of col- 
lision. Instead of driving the skull down on the spine, according to 
t us view, force from the occiput is disposed to tear it awav from 
the top of the spine. But the atlas is so firmly bound to the occipital 
one that they do not tear apart. And so it happens that portions 
0 one or both lateral halves of the cranial floor are broken away 
__onijWemamder by sagittal or paramedian fractures. Ou rare 


. ^tasse, E., and Cam, St. Pierre- 
iracture du crane par un coup du baton snr 
ir?., senes 2. 37:124, 1872. 


Etude medico-legale a propos d’une 
le vertex, Ann. d'hyg. pub. et de med. 
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occasions, the purts left attached to the spine are more or less sym- 
metrical cup-shaped disks with diameters which vary widely. Most 
ficqucnlly, the fractures run for onl}'- long- or short distances in loca- 
tions where sucli dislcs have their rims. This suggestion to explain ring 
fractures of the base from force directed against the back of the head 
has some confirmation in the fracture produced experimentally by 
Quenu and Tesson.«« Another, but quite different, fracture from 
\'iolcnce at the occiput, made by Perrin, is cited by many writers 
(fig. 10). It was made by dropping the head of the body of a young man, 
on a padded surface. In his comments about this fracture and about 
otliers he made, Perrin used the terms indirect and contrecoup synony- 
mously. If the head, when dropped, was entire, as the account by Perrin 
implies, the question of a possible tug by the face mass when the head 
struck and the role such a force had in pulling the bones of the face 
awa}' from those of the cranium is worthy of consideration. 



Fig. 10. — ^An indirect fracture made by Perrin by dropping a head on a cush- 
ioned surface so that the occiput struck first. (From Legouest, L. : Traite de 
chirurgie d’armee, Paris, 1872, p. 212.) 

For many years descriptions in textbooks of the dynamics of 
linear cranial fractures have been based in a large measure on the 
experiments of Hermann,"® Schranz"® and Messerer,®" and on the 
bursting and bending theories to which their investigations gave birth.-'® 
Most of their experiments were made with loose heads, or with the 
bottom halves of empty skulls. Practical application of the bursting 
and bending theories has helped to explain involved and apparently 
disorderly comminution, the “fractures a grand fiacas of Felizet. 
It has also enabled authors to differentiate the two forms of frac- 
tures in illustrations."®® These descriptions of the way fractures occur, 
so dominated by conceptions of bursting and bending, fail to mention 
that the bursting theory was brought for^vard a decade before the 

108. Perrin, M. : Les fractures du crane par contrecoup, Bull, et mem. Soc. d. 
chir. de Paris 4:128, 1878; experiment 4, p. 132. 

109. Kdrber.®® van Nes.®^ 
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work of Hermann, by Forgues in his “fracture par cdatcmciU. - ot 
that Forgues frankly stated that his explanation Nvas not new; he 
rave credit for his ideas to Chassaignac.”® who wrote in 1842: 

o 

Je ne pense pas que I’existence d’une fracture a uue ccrtainc dhtance du point 
frappe, suppose necessairement une resistance inegale dans Ics differents points de 
Vetendue du crane. La mecanique nous apprend que si Ton soumettait a unc forte 
pression une sphere creuse, eiastique, parfaitement homogene dc sulislancc cl 
d’epaisseur, la rupture se produirait au sommet dcs courbes dont la courburc scrail 
augmentee, et non pas dans ks points directement soumis a la compression. 

There is no clue to the source of Chassaignac s knowledge, nor is it 
veiy material whether the meridians start to burst at the equator or at 
the poles. There is a strong likelihood that Chassaignac’s comprehen- 
sion of bursting fractures was a reflection of the work of physicists 
with the vibrations of rings and bells.^^*^ And it is quite probable that 
the experiments performed by Sir Charles Bell by hitting metal rings 
with a hammer had a similar origin notwithstanding that they were 
made in 1816.-" 

The experiments on loose heads by Hermann and others were 
mainly concerned with cranial architecture and elasticity, and the rela- 
tions of these to direction of the force. Neither in their experiments 
nor in the ensuing deductions is the influence of the weight of the 
trunk or structures of the face given the attention it deserves. Duret,'"’’ 
and his pupil Poulain.'* who used entire bodies, declared that the part 
of the cranium receiving the blow slips away from the remainder held 
rigidly to the spine. Baum “2 insisted that the trunk often acts like 
a one-armed lever with its fixed point where the body is supported bv 
the feet. We believe that the weight of the trunk and its extremities, 
as well as the inertia of the extracranial part of the head, should invari- 
ably be included among other factors responsible for not only the frac- 
tures but also the location and other characteristics cranial fractures 
possess. 


SVilMARY 

Because they were more or less symmetrical or had split the cranium 
to some extent in lateral halves, cranial fractures in 80 bodies are 
described, and explanations are offered for how they occurred. The 

<fecLTby nirop”? 
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The mechanism of origin and other particulars of ring-shaped frac- 
tures in the cranial base in 36 of the SO bodies are discussed together 
with the details reported in the literature regarding similar fractures in 
45 other craniums. 

An attempt is made to account for ring fractures of the base caused 
by violence at the occiput. 

S 3 'mmeti‘ical incomplete ring fractures ventrally placed in the vertex 
and obliciuely directed from behind downward and forward observed 
in 5 craniums are reported, and suggestions are made for the way they 
were produced. 

The usefulness of all relevant evidence in interpreting the mechan- 
ism of any traumatic, linear, cranial fracture is illustrated. 

Some of the important contributions to the development of modern 
opinions of the dynamics of traumatic, linear, cranial fractures from 
blunt force are reviewed. 



bile peritonitis 

STANLEY H. MENTZER, M.D. 

SAX FRAXCISCO 

It has been impossible to correlate laboratory and clinical cxpenence 
in relation to bile peritonitis because of the stnkmg contradictions in 
data obtained from the tivo sources. These contrasting data have not 
been understood, yet the results of laboratory experiments liai'c lieen 
applied to the clinical problem. The results have been mconiprdicnsible. 
because the tivo methods of study are incompatible for tins subject. 


COXTINUOCS EXTRAVASATION' OF STERILE BILE 

Recently, Wangensteen,^ Horrall.' Reivbridge ^ and others repeated 
and elaborated on the experiments of earlier workers, and showed that 
large quantities of sterile bile poured continuously into the peritoneal 
caviti" of an animal wall produce death within from six to seventy-two 
hours. In most of these experiments long incisions or large apertures 
were cut in the gallbladder or the bile duct, and the abdomen was sutured 
tightly. Thus Bohn,^ in 1775, removed the gallbladder in dogs without 
ligating the cystic duct and found that most of the dogs died. In 1902, 
Ehrliardt^ sectioned the choledochus in 12 dogs and cats. In twenty- 
four hours the animats w^ere slightly jaundiced. Within from two to 
six days they were intensely jaundiced, and most of them had convul- 
sions; all of them died. In 1910, Noetzel® incised the gallbladder of 17 
rabbits and closed the abdominal wall. The animals died. In 1921, 
Fulle ' found that large incisions in the gallbladders of dogs and rabbits 
invariably proved fatal. Although other laboratory workers obtained 
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clianietncally opjjosed results, I believe that careful analyses of experi- 
mental data prove that death follows when large cpiantities of bile are 
contmuously extravasated into the peritoneal cavity of the lower animals. 

J;.\-er\- constituent of bile has been considered by various experi- 
maiters to be the cause of death in these animals, but the work of 
W'ang'ensteen,^ Horrall ■ and Ravdin, Morrison and Smyth ® proves that 
bde salts are the only factors that can be responsible. However, it 
has not been proved that they, per se, are the sole cause of death. 
Numerous experiments have shown that they may be injected intra- 
venously, in relatively large amounts, without sequelae. 

Corresponding examples occurring in man are virtually unknown. 
In many thousands of autopsies, few, if an)'^, comparable illustrations 
are afforded. Thus Robertson,® Rusk,® Conner ® and Ophuls ® reported 
that they remembered in their total experience only 1 or 2 cases in which 
diffuse, sterile bile peritonitis emanating from a constant outpouring 
of bile caused death. In a series of 377 necropsies in which I found 
grossly diseased gallbladders, no instances of bile peritonitis were 
encountered. 

Surgical experience has offered a few illustrations of death following 
slippage of the tie of the cystic duct or severance of anomalous biliary 
ducts. Extremel}'' few reports have been published relative to the fre- 
quency of this catastrophe in surgery. Personal conversations have 
elicited citations of only one or two instances in the memory of some 
of my notable confreres. Most of the cases which were recalled did 
not fall into the category of diffuse sterile bile peritonitis, or death from 
this source was not proved. When the records of remembered cases 
were reviewed, I found that the data were usually inadequate for critical 
stud)% or that the illustration cited was not one of sterile bile peritonitis. 

Clinically also, sterile bile peritonitis seems rare and relatively innoc- 
uous.^® In 1735, Wedekind noted a case of intraperitonea] escape of 
bile after traumatic wounds of the liver, with recovery of the patient. 

In 1785, Skeete recorded the case of a bo}'^ who fell from a tree and 
lacerated the gallbladder. Death did not occur until six weeks later, 
when the peritoneal cavity was found filled with bile-stained fluid. Para- 
centesis was performed on the twenty-fourth day after injury, when 
16 pints (8 liters) of bile-stained transudate was removed, and at 
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autopsy, uto frou, 2 to 3 gallons (S to 11 liters) of similar fluM rvas 
encountered. Fryer - reported tlie case of a Imy, aged 13, ^ 

struct by a rvagon si, aft. T,vo rveets later a mass 
tl,e region of the gallbladder. On aspiration, 13 pints (6 liters) ol 
bile-stained fluid teas tvithdraevn. Twelve days later la pints 1/ liters) 
was removed; nine days later, 13 pints, and twenty taeu. 6 pints 
(3 liters). The boy recovered without further aid. In lb4.S. btulU 
reported the case of a man who was struck m the abdomen by a heaw 
ladder. During the four months after his injury he was tapped eight 
times, and bile-stained transudate was removed. In 184 d. Abraham 
Coles stated that in his experience not every puncture of the gallbladder 
was fatal. In 1882. von Pitha and Billroth pointed out that the liver 
and gallbladder have frequently been punctured by saber and baxonet 
wounds, and that the patients have lived. In 1884. Smarth remoxed 
a projectile from the lix'er. Considerable bile bad oozed into the peri- 
toneal cavity, yet the patient recovered. Petersen^' aspirated 5.600 cc. 
of bile from the peritoneal cavity of a boy traumatically injured. Five 
xveeks after injury txvo rents in the gallbladder xvere successfully sutured. 

In most saber, bayonet and projectile wounds involving the liver or 
gallbladder, organisms enter the peritoneal cavity. Some of the afore- 
mentioned cases were therefore rrot instances of sterile bile peritonitis, 
yet death resulted late, if at all. 

In 1829, Compaignac ** described the case of a man, aged 35, who 
received a violent bloxv in the abdomen. He did not die until eighteen 
clays later, yet autopsy shoxved a rent in the left hepatic duct and 6 pints 
of deep green bile in the peritoneal cavity. In 1891, Treves pointed 
out that in choledochotomies it xx'as often necessary to insert gauze drains 
about the incised common duct and at the same time to drain the pouch 
of Douglas “abdominally or vaginally” xvith glass tubes to “care for the 
drainage of bile.” Landerer -o reported a case of rupture of a bile duct 
in xvhich sixteen successive punctures of the abdominal cavity xvere 
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pci forniccl, witli a total removal of 35 liters of bile. Garrett-^ removed 
16 cjviavts (15 IUcr.s) of bile by repeated aspirations in a man traumati- 
cally injured, and twenty days after injury operation showed a tear in 
the posterior wall of the common duct Recovery ensued. Uhde-- 
removed 14.5 Kg. of Iiile liy paracentesis twenty-three days after injury. 
1 hirty-se\-cn dajvs later, 9 Kg. of bile was aspirated, and the patient 
recovered. Tliomjison removed 4 quarts (4 liters) and later 5 quarts 
(5 liters) of bile and still later five or six aspirations of ser'eral quarts 
each wcie performed and recovery ensued. Garre reported the exam- 
ination of a patient two months after injurjq when a large amount of 
bile was e^•acuatcd from the peritoneal cavit}^; the patient recovered. 
Hildebrandt found a large quantity of bile in the peritoneal cavity 
twenty-three da\-s after injury from a tear in the hepatic duct. Ricketts -® 
reported 2S cases of traumatic rupture of the biliary tract in which the 
patients bad been operated on, with a mortality of 22 per cent. Meiss- 
ner found that in 25 per cent of 12 cases of traumatic rupture of 
the common duct and in 30 per cent of 7 cases of rupture of the hepatic 
duct recovery occurred. Courvoisier collected 34 cases of rupture 
of the biliary tract, with 12 recoveries after surgical intervention. 
Amante collected 101 cases of traumatic rupture of the biliary pas- 
sages. He believed that without surgical intervention death is sooner 
or later inevitable. McWilliams stated, however, that normal bile, 
even in large amounts, is fairly well tolerated by the peritoneum. Many 
of the aforementioned cases confirm McWilliams’ belief, although it is 
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evident that surgical drainage is indicated, ,c ^,,4 

Kehr” Barling « Garrer^ Dirk/= Hildebrandt,- hrycr, • Larlor and 
hat cases of recovery after long pericls of ..me, A t tagh 
in most of the aforementioned cases large Nvounds %vere preset t tn the 
gallbladder or biliary ducts, it is noted that pure bile is not desenbed 
as being present in the peritoneal cavity in any instance. Adequate 
descriptions are not found in many of the clinical reports, and undoubN 
edly many of the deaths were due to secondary infection or to syslennc 
lesions. In the carefully described cases bile-stained transudates were 
present. One wonders why bile alone was not found. The explanation 
may come from three possible sources : ( 1 ) The patient promptls died 

before the irritated peritoneum could exude serous material , (2) the 
bile became localized, i. e., encysted. (3) or an external escape for the 
bile was effected spontaneously or with the help of aspirations, Tn none 
of the patients who died was death proved to be due to sterile bile 
peritonitis. Those who lived ceased* having diffuse bile peritonitis 
promptly, for localization of the bile occurred by adhesion cncystmcnt, 
or surgical drainage was effected. Obviously, then, sterile bile peri- 
tonitis has not been proved to be a cause of death in these cases or, 
indeed, of a serious consequence. It is possible that nature will not permit 
e.vtravasated sterile bile to remain long enough in man to become serious, 
for it is changed into a localized form or transudation develops so 
rapidly that the ascites must be surgically drained. Adequate supportive 
treatment, of course, must be maintained. 

Guibe concluded that sterile bile in the peritoneal cavity is innocu- 
ous. McWilliams, Arth, Sick and Fraenkel,“® Buchanan, Ritter,^® 
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Burckhardt '' Hearn/'-" Terrier and Auvray« agreed. Gibbon, « and, 
.1 er, chlattcr, •' found Uiat sterile bile was innocuous in the peritoneal 
cavity unless absorbed in large amounts. Courvoisier concluded from 
studies of animals and from clinical experiments that sterile bile in the 
peritoneal cavit}' is innocuous even in relatively large amounts. Hermes 
came to similar conclusions after an experience with a case of extensive 
bile peritonitis in man due to traumatic perforation of the common 
duct. Lewerenz'’’ reported the case of a boy, aged years, who 
suffered a traumatic rupture of the common duct and recovered after 


operation. Lewerenz collected 63 more cases from the literature, many 
with recovery. When death occurred, he attributed it to the absorption 
of biliary salts. Ritter and Burckhardt insisted that death from 
cholemia following rupture of the bile ducts has never been observed. 
Stierlin stated that sterile bile contained within the peritoneal cavity 
for long periods produced death by fatal toxemia. Malnutrition 
invariably occurred, however, and studies at autopsy indicated that death 
was due to metabolic disturbances. It has not been demonstrated that 
encysted bile is absorbed in man in sufficiently large quantities to cause 
toxemia. Ricketts reported 273 cases of spontaneous and traumatic 
perforations of the extrahepatic tree; he found a decidedly better out- 
come in the cases of trauma (i. e., sterile bile). Thole also came to 
the same conclusion (see addenda). 

During the last twelve years I have had only one case of diffuse 
sterile ( ?) bile peritonitis at the San Francisco Hospital : 


A woman, aged 45, had had moderately severe attacks of gallstone colic for one 
year. Seven days before admission to the hospital she had a severe pain followed 
by vomiting, with localized tenderness and rigidity over the gallbladder. It was 
believed that she had moderately acute cholecystitis, but as the temperature was 
normal and the white cell count 9,250, she was treated conservatively. Observation 
continued for five days, during which time the four hourly temperature readings 
remained normal and the white count stayed below 9,000. The patient was not 
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iaundiced but because of persistent abdominal tenderness and '‘ief 

r^lo mulberry stones, .bicb .^ere removed. A cbolecystostomy .-as perfor.nul. 
and tbe patient bad an uneventful convalescence. 


SINGLE LARGE EXTRAVASATION 01- BILE 
Many authors have showed that large quantities of sterile hile may 
be poured experimentally into the peritoneal cavity at one time without 
the occurrence of death. Thus, hlalpighi in 1666, made a bihary 
fistula in a dog and noted that large quantities of bile might be spilled 
without serious consequences. In 1839, Thomson stated, In experi- 
ments on animals it has been proved that rupture of the gallbladder 
does not necessarily cause death. These experiments seem to uaiiant 
the conclusion that it is not so much the original escape of fluid that 
causes death as it is the continual seepage of bile into the peritoneal 
cavity.” In 1767, Herlin ®- incised the gallbladders of cats after ligating 
the cystic duct, thus allowing the bile from the gallbladder to cmjity into 
the peritoneal cavity. He then sewed the gallbladder wound together, 
and the animals lived. At autopsy, several weeks later, no trace of bile 
was found in the peritoneal cardty, and the gallbladder was filled with 
a colorless fluid. L'Anglais repeated the experiment on 2 dogs, but he 
also removed the gallbladder. The dogs lived. Fulle found that small 
incisions left open in the gallbladder or bile ducts did not prove fatal. 
Later, examinations at autopsy showed that these small wounds had 
closed. Noetzel concluded from experiments on dogs that the contents 
of the gallbladder, when allowed to drain into the peritoneal cavity, 
produce no untoward results. Bostroem,'^^ Emmert,®^ Hering,"^' Vil- 
laderbo,'^^ Compaignac,^^ Ammusat and Schwartz performed similar 
experiments with similar results. Wangensteen ^ and Horrall ^ recently 
repeated the experiments, showing that the sterile contents of the gall- 
bladder may be emptied into the peritoneal cavity with impunity. The 
peritoneum remains smooth and glistening. 

Clinically, single large extravasations of sterile bile into the peritoneal 
cavity are extremely rare. It is only following trauma that sterile bile 
IS evacuated from the gallbladder into the peritoneal cavity. But even 
>n these cases a constant stream of bile may be poured into the peritoneal 
cavity through the aperture in the gallbladder wall via tbe cystic duct 
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n thoiH ( ^ pathologic condition in which, 

irom i '"i obstructed and the gallbladder wall and the 

gallbladdci bde arc stcnle, a perforation of the gallbladder nevertheless 
occurs. 1 heorctically it is possible, but I have not been able to find a 
record of it. When clear bile is emptied from the gallbladder following 
an acute or subacute spontaneous perforation, the bile cannot be con- 
sidered sterile, even though one or two swabs are taken from the 
peritoneum for culture. Perforations of this nature presuppose infection 
of the gallbladder wall, and when the wall is ruptured organisms are 
presumably scattered into the adjacent peritoneal areas. It is difficult 
to obtain cultures of organisms from single samples of bile from the 
gallbladder. Frequently only one of several swabs rvill yield a positive 
culture, even under these ideal circumstances. It is therefore likely 
that one or two samples taken from the peritoneum will yield no growth. 
Under these circumstances one is not justified in concluding that the 
extravasated bile is sterile. Much less may one overlook the site of 
infection at the perforation in the gallbladder wall. It is a common 
experience in the operating room, however, to note the spilling of small 
quantities of gallbladder or hepatic bile. Even when large quantities 
of bile escape during operations on the gallbladder, postoperative com- 
plications are rarely encountered. This may be due to a fear inherent 
in the surgeon's mind that leakage of bile will occur, for such areas are 
usually drained. However, in the vast majority of patients, extravasated 
bile is rapidl}'^ walled off b}'^ adhesions. When spilled bile is infected, 
drainage should be provided, but I have occasional!}' closed the abdomen 
tight without ill consequences even in cases of this sort. 

INJECTIONS OF LARGE QUANTITIES OF BILE 
Conflicting results have been obtained in the laboratory when large 
quantities of sterile bile were injected experimentally through the 
abdominal wall. Fraenkel and Krause injected bile in varying quanti- 
ties into the peritoneal cavity of guinea-pigs and dogs and found that 
it was well tolerated. Fulle noted that small quantities of bile from 
the gallbladder, when injected intrapCritoneally, caused no reaction, but 
that large amounts proved fatal to dogs and rabbits. McWilliams found 
that large quantities injected into the abdominal cavity caused little 
trouble. Wangensteen made injections of sterile bile from the gall- 
bladder into 3 rabbits. All of them died within five days, and all 
except 1 of 12 guinea-pigs died within twelve hours. The chief S 3 'mp- 
toms were lethargy, anorexia, diarrhea, rapid respiration and jaundice. 

At autopsy the peritoneal cavity was normal except for areas of necrosis 
in the liver where bile came into contact with Glisson’s capsule. The 
kidneys showed acute nephritis, and the cortical cells of the suprarenal 

'in^kel, E., and Krause, P.: Bakteriologisches und Experimcnlcllcs iiber 
die Galle, Ztschr. f. Hyg. u. Infektionskr. 32:97, 1S99. 
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glands were markedly degenerated. Beyond a certain quai i . 
tional injections of bile caused no increased reacUon 
death, nor did the reactions caused by bile from the liver and gallbladd 
differ. Horrall claimed that when large quantities of sterile liiic were 
continuously emptied into the peritoneal cavity of animals death ensued 
from a toxemia produced by the absorption of bile salts. Rewbndge 
repeated Wangensteen’s and Horrall’s experiments, but found that the 
peritoneum, instead of remaining grossly normal m appearance, was 
fiery red and covered with fibrinous exudate. Moreover, he constantly 
obtained positive cultures of Bacillus Welchii. He was not able to find 
sufficient bile salts in the blood to cause death. Even when large quanti- 
ties of bile salts were introduced into the peritoneal cavity, no significant 
rise in the bile salts of the blood was found. 

Thus the laborator)' has furnished three groups of conflicting evi- 
dence: 1. Many workers have found that large quantities of sterile 
bile drained or injected into the peritoneal cavity were entirely innocuous. 
Bacteriologic cultures were uniformly negative. 2. Others observed 
death wdtbin from six to one hundred and twenty hours after .similar 
experiments without evidence of peritoneal reaction or infection, but 
with marked changes in the kidneys and suprarenal glands. They held 
that bile salts are absorbed and are toxic. 3. Rewbridge found, after 
similar experiments, an extensive inflammation of the peritoneum with 
positive cultures of anaerobes (B. Welchii) almost as a routine. He 
concluded, as did Dorsey,^® in 1818, and Thomson,” in 1839, that bile 
salts react on the intestinal rvalls, making them permeable and thus 
permitting the escape of bacteria from the intestinal lumen. In 1931, 
I^Ieleney, Harvey and Jern *• expressed the opinion that after a seepage 
of bile had occurred, peritonitis developed secondarily from organisms 
which had permeated the intestine. 

These three groups of conflicting results from laboratory workers 
seem difficult to correlate. Some assistance, however, is afforded by 
other experimental evidence. In 1797, Eaglesfield Smith immersed 
flesh in bile for fourteen hours at body temperature and found that 
It lost half its weight. From this eHdence he concluded that bile was 
a digestant of tissue. In 1866, Leyden noted that bile acids caused 
a degeneration of the musculature of the blood vessel walls. Several 
observations have been made of edema and even of necrosis of the 
muscles ot the abdominal wall in patients with extensive bile peritonitis 

Mclcncy-, F. L. ; Harvev, H. D and Tern TT 7 • p -t- t 

oi .he T’r 

. .. 0» Si. Case, Peri,™,,, Aeeh.' sSL S" 


Biases, B’. 


) 


ew York, 



236 


ARCI-lIVES OF SURGERY 

In 1874 FJcisdilc-'^ tied the common duct of dogs and connected the 
ivcr end to the thoracic duct means of a cannula. Though an 
abinidance of bde acids were recovered from the lymph ducts, none was 
obtained from the blood stream, indicating that they were destroyed by 
the I)Iood or were too greatly diluted to be recoverable. In 1931, Rew- 
bridge was likewise unable to detect increased amounts of bile acids in 
the circulating blood of animals d 3 dng from extensive bile peritonitis. 
He tlicrcforc concluded that circulating bile acids could not be the cause 
of the toxemia. 

If, then, extensive sterile bile peritonitis is so rare in man, how can 
one correlate the findings of the laboratory relative to its seriousness? 
Should one not expect the condition in man to be present frequently 
and to be tlic cause of death? Probably the laboratory itself has answered 
tliesc questions, for Brand showed that dog’s bile contains eight times 
as much taurocholic acid as glycochoJic acid, while human bile con- 
tains only from one-fifth to one-eighth as much. Furthermore, tauro- 
cholic acid is from twelve to twenty times as toxic as glycocholic acid. 
Therefore bile peritonitis in a dog is at least forty times as dangerous 
as a proportionate amount of bile peritonitis in man. In rabbits and 
guinea-pigs a similar, though less marked, disparity is found, yet from 
such experiments conclusions are drawn and appropriated to man. 

I believe that the laboratory animal itself is responsible for many of 
the divergent opinions which have arisen relative to experimental bile 
peritonitis. Meyer,®® director of the Hooper Foundation, informed me 
that the livers of most dogs, rabbits and guinea-pigs are constantly filled 
with' organisms. Animals used for experiments on bile peritonitis are 
frequently not satisfactory, even when raised and fed under strictly 
aseptic conditions. The liver is a virtual incubator for organisms, and 
it is common experience to culture aerobes, as well as anaerobes, from 
the bile of animals which have arrived at the experimental laboratory 
through the usual channels. 


ENCYSTED BILE 

In 1823, Cooper®^ quoted a case of Calacin’s in which a large 
extravasation of bile was limited b}^ adhesions, and the patient recovered. 
Labrosse®^ reported a case of a boy aged 17, who fell from a ladder 
onto a wall, striking the right hypochondrium. Eight or ten days later 
the patient’s abdomen began to swell and continued protruberant for 
two 3 ^ears, when Jaboulay operated on him. Ten liters of bile was found 


59. Brand, J.: Beitrag zur Kenntnis der menschlichen Galle, Arch. f. d. gcs. 
Physio!. 90:491, 1902. 

60. Meyer, Karl; Persona! communication to the author. 

61. Cooper, Samuel : A Dictionary of Practical Surgery, New York, CoIIms 

* Contribution a la etude du choleperitoine spontanc, These de 
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encysted about the gallbladder, ^vWcb had a smajl patent opening that 
had evidently persisted for hvo years. In 1925, Po va repor ei a 
case in which jaundice, clay-colored stools, an enlarged hver and fever 
developed seven days after cholecystectomy. Eight months later the 
patient was operated on again, and a cyst containing at least _(X) cc. o 
pure bile was found at the operative site. Similar cases of jirolonged 
encystment of bile were reported by Drysdale®' Thiersch and Ratjen, 
Certainly it is known that bile may remain encysted for long periods 
without serious sequelae.®' Enderlin and Justin®® showed that laccra- 


w 


tions in the gallbladder wall close rapidly. Therefore diffuse extra- 
vasations of bile are prevented. Furthermore, the pressure of bile 
secretion is low, and this fact, coupled with the readiness of \isceral 
and omental adhesions, permits the rapid closure of wounds in the gall- 
bladder wall and the ready development of encystment. Recently I 
drained 600 cc. of infected bile which had localized about the subhcpatic 
area when a T-tube leaked follorving choledochostomrv The accumula- 
tion of infected bile appeared as a mass at the operative site six days 
postoperatively without other clinical evidence of its development, and 
in spite of adequate drainage through the T-tube. Two Penrose drains 
leading to the site of the operation also failed to drain away the bile 
thus accumulated. For seven weeks postoperatively a large pool of 
bile (approximately 450 cc.) remaiired localized in this area without 
serious sequelae. When it was drained by a third operation, con- 
valescence was uneventful. 


INFECTED BILE 


Infected bile which has spread diffusely through the peritoneal 
cavity is recognized by most authorities as being extremely dangerous. 
Although bile is considered by most bacteriologists to be an inhibitor 
of bacterial growth, bile and pus, when emptied into the peritoneal 
cavit3- of man, seem to increase the virulence of pyogenic peritonitis. 
Numerous cases of acute ulcerative perforations of the gallbladder and 
bile ducts in which large quantities of infected bile were widely dis- 
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seniinatcd throughout the peritoneal cavity have resulted in mortalities 
of from 48 to 100 per cent, depending on whether or not operative aid 
was immediate.°“^ The abundant literature relative to acute cholecystic 
peifoiations during typhoid fever and parasitic infections attests to 
almost uniform fatality in infected, diffuse bile peritonitis unless surgical 
aid intervenes. 

In 1757, Boerhaave recorded the case of a man whose gallbladder 
was run through by a sword, and who died in three days, “convulsed.” 
Watson reported the case of a man whose gallbladder was perforated 
by a bayonet wound and who died within thirty-six hours. In 1812, 
Sabatier expressed the opinion that extra vasated, infected bile is 
absolutely fatal. In 1818, Dorsey concluded that wounds of the gall- 
bladder are fatal because the extravasated bile irritates or disturbs the 
function of the peritoneum. In 1839, Thomson pointed out that per- 
foration of the gallbladder, with infected bile, is “absolutely fatal” unless 
operation is performed. 

In 1903, Erdmann reported 33 instances of spontaneous rupture 
of the gallbladder occurring in typhoid fever. Twenty-seven of the 
patients were not operated on, and all of these died. Of 7 who were 
operated on, 4 recovered. During the past twenty years at the San 
Francisco Hospital only 1 case of perforation of the gallbladder has 
occurred in association with typhoid fever: 


A Filipino boy, aged 20, was admitted to the hospital with a diagnosis of 
typhoid fever. His temperature ranged from 101 to 105 F. during a three week 
period, and he was critically ill. There followed a quiescent period of two weeks, 
during which the temperature ranged from 99 to 100 F. Then, over a four week 
period, a series of attacks characterized by chill, sudden rise in temperature and 
absence of pain began. Finally a severe pain about the unbilicus, with high tem- 
perature, rapid pulse and severe chill, developed. An acute condition of the 
abdomen was recognized and the patient was operated on within twenty-four hours. 
A perforated gallbladder with extensive bile peritonitis, yielding a culture of Bacil- 
lus typhosus, was encountered. One gallstone was found and removed, and the 
gallbladder was drained. The patient had an uneventful convalescence. The drain 
was removed on the fourth day, and no bile exuded from the wound thereafter. 
The contents of the gallbladder obviously emptied into the peritoneal cavity, and 
no further spilling occurred. 


In 1890, Courvoisier collected 34 instances of rupture of the biliary 
passages following trauma in which 22 of the patients died and 12 


69. Mentzer, S. H. : The Acute Gallbladder Manifesting Few Signs or Symp- 
toms, Surg., Gynec. & Obst. 55:716 (Dec.) 1932, 

70. Boerhaave, H.: Causus et signis acutorvm, et diuturnorum morborum, 

Lugduni Batavorum, J. Vander, 1735. 
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recovered None recovered rvithout operation or puncture. Only 5 
pZ; died within twenty-four hours, and the sixth -th.n orty- 
eight hours. Hemorrhage from the hver was present in 3 _ca-cs In 
1905, Ricketts recorded 273 cases of spontaneous or traumatic rupUire. 
of the biliary' tract, 224 of which were instances of perforation ot the 
gallbladder alone. Sixty-four patients were operated on ; 43 recovered 
and 21 died. One hundred and sixty were not operated on ; 6 recovered, 
and 154 died. Therefore, 67 per cent recovered following surgical 
treatment, while only 3.7 per cent recovered without surgical treatment. 

Of the 6 patients who recovered without operation none apparently had 
intraperitoneal drainage of bile. In Ricketts’ 49 cases of traumatic 
rupture of the gallbladder, 29 of the patients were operated on ; of these 
22 recovered, and 7 died. Of the 20 patients who were not operated 
on, only 4 recovered, rvhile 16 died. The cause of death as demon- 
strated by necrops}' was purulent peritonitis. In 2 of the 4 patients 
who recovered without operation, the establishment of a fistula pre- 
vented death. In the third no evidence of intraperitoneal drainage was 
present. In 1912, IvIcWilliams reported lOS cases of spontaneous per- 
foration of infected biliarr- tracts. Even though these patients received 
surgical treatment, the mortality was 48 per cent. In 1918, Buchanan 
collected 17 cases of rupture of the gallbladder with a mortality of 9 
of the 17. Twelve of the 14 patients whose cases were complicated 
by infection were treated surgically, with a mortality of 50 per cent. 
The patients who were not operated on died. In 8 cases the duration 
of symptoms varied from one to six days, with a mortality of 50 per 
cent, and in 5 cases the duration varied from seven to twenty-seven 
da3’s, with a mortality of 80 per cent. 

During the past twelve years 24 cases of perforated gallbladder have 
occurred at the San Francisco Hospital. In 8 cases infected bile spread 
into the peritoneal caHty (table). In 16 cases pus alone exuded. 
In no instance was sterile bile found in the peritoneal cavity. The 4 
patients who were not operated on died. Six of the 20 "who were 
operated on died. One of these lived for fourteen days, until extensive 
pyogenic peritonitis proved lethal. Three patients died within three 
days from pyogenic peritonitis which was already present at the time 

of operation. Two died from shock within twelve hours after surgical 
intervention. ° 

The careful studies of Billings and Walkling^* show that most 
patients who have received stab or gunshot wounds of the bilian^ system 

Anti. Surp. 91:lois%ec.') Wounds of the Abdomen, 
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Dcalii occurred in this case from pneumonia. One patient had a stab 
Avound of the gallbladder. Plemorrhage and bile exuded, but the patient 
recovered after surgical intervention. Forty-two instances of gunshot 
wounds of the liver occurred. All of the patients had hemorrhage at 
operation, and 20 died. Two also had bile extravasations; 1 of these 
recovered, and the other died of hemorrhage. One patient with a gun- 
shot wound of the gallbladder was operated on but died of hemorrhage. 
One died of hemorrhage before an operation could be performed. No 
operation Avas performed in 5 cases of gunshot wound of the liA'er, and 
all of the patients died of hemorrhage. 

Data on Eight Patients zvith a Perforated Gallbladder 


Ilospitnl 

Xunibcr 

nays in 
ITospital 

Tempera- 
ture, F. 

Blood 

Count* 

Pathologic Data 

Operation and 
Hesuits 

nsGsoa 

5 

BS.G for 

5 days 

0,2.10 

SO 

Large pools of bile free in 
peritoneal cavity; no pus, 
but tiro stones 

Clioiecystostomy; 

recovered 

D 2S519 

12 

SS.C-100 

10,000- 

is.ooo 

S9 

Gangrenous gallbladder with 
numerous perforations; 

500 cc. of biie-stained pus; 
stone the size of pigeon’s egs 
in common duct 

Cholecystectomy: 
T-tube in common 
duet; recovered 

D 50434 

Tow 

hours 

99 

17,000 

92 

Perforated gangrenous gall- 
bladder with large collection 
of walled-olY bile; one stone 

Cholecystectomy: 
died on 34th day 
of peritonitis 


in common duct 


D S0929 

19 

99.8-104 

12,000 

S3 

Perforation with clear bile 
diffuse in peritonea) cavity, 
purulent drainage following; 
no stones 

Drainage of area 
only; recovered 

V CS430 

1 

98.6 

Not 

done 

Perforated with bile in peri- 
tonea] cavity 

Drainage of area 
only; died of shock 
on same day 

D 1S9S0 

2 

99-102 

3S,400 

88 

Acute friable hydrops; bile- 
stained peritoneum: one 
stone the size of golf ball 

Cholecystostomy: 

recovered 

D 40509 

10 

hours 

9S.S 

11,200 

SO 

Gangrene and perforation, 
bile in peritoneal cavity; 
no stones 

Cholccy.'tostomy; 
died same day 

D 2S594 

12 

93 

18,000 

89 

Several perforations; bile 
and pus in peritoneal cavity: 
stones in gallbladder and 
common duct 

Cholecystectomy 
and cholodochos- 
tomy; recovered 


* White blood cells and polymorphonuclears (per cent). 


The conclusion is inevitably drawn that infected bile which has spread 
into the peritoneal cavity is extremely serious. Most of the aforemen- 
tioned cases Avere instances of peritonitis arising from perforations from 
which frank pus exuded. Only a few Avere instances of discharge ot 
purulent bile. The patients obviously died of pyogenic peritonitis. 
The possibility of pyogenic peritonitis arising in man from igestion 
of the intestinal musculature by extravasated sterile bile cannot be seri- 
ously entertained. I have not been able to find a case which might 
used as an illustration of this thesis. Furthermore the ' 

trast in the bile salt content of human and an.mal bde and ‘1== "' 

of anaerobic cultures in man n-ben bile penton.t.s ts present must 

remembered. 
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When bile peritonitis is suspected to be the cause of death in man, 
careful examinations have usually revealect pyogemc 
than bile peritonitis. The peritoneum may be stained w th bile, but 
iLr is only a contaminant. In many cases of suspected nle FrilomUs 
the patients have died of hemorrhage, as Bilhngs and ‘ ^ 

And finally, the extreme rarity in man of diffuse, sterile c pen oni 
must cast doubt on its actual occurrence, for the possibilities ol its 
presence are generously abundant. 

I have been unable to find on record in the department for pathology 
of the San Francisco Hospital a case in which sterile, diffuse bile peri- 
tonitis was the cause of death. 


COXCLViSlOtsS 

1. Experiments show that bile peritonitis in animals is not com- 
parable to that in man. 

2. Diffuse, sterile bile peritonitis has rarely, if ever, been found as 
the cause of death in man. 

3. Extravasated sterile bile is rapidly encysted in man and then 
becomes relatively innocuous. 

4. If the bile is not encysted it provokes ascites, which soon invites 
surgical inten'ention. 

5. Infected bile which has spread diffusely over the peritoneal cavity 
proves fatal unless promptly drained by surgical measures. Death 
ensues from pyogenic rather than chemical peritonitis. 


ADDENDA 


Since writing this article I have seen an excellent illustration of my 
thesis at an autopsy performed by Dr. D. A. Wood. 


A man, aged 61, who had been drinking heavily, fell, striking the abdomen on the 
edge of a table. He vomited persistently for one day and then became verj' ill. He 
entered the hospital twentj- hours later. The temperature was 99.4 F., and the 
'vlnte blood cells numbered 15,400. The abdomen was distended, rigid and tender, 
particularly to the right of and above the umbilicus. The patient refused to 
undergo an explorator\' operation and died six days after the trauma. 

At autopsy, 2,000 cc. of thin, syrupy, yellowish-brown fluid resembling bile 
u-as found in the peritoneal cavity. The peritoneum had a greenish tint, and the 
loops oi jejunum were moderately distended and had a slight deposition of fibrin 
m a few places. The gallbladder had a large tear in its proximal third, from 
disease"”™*' recovered. There was no evidence of gross cholecystic 


Advanced bilateral bronchopneumonia accounted for the patient’s deat 

. tialh normal. The liver showed moderately advanced cirrhosis anrl tl 
\-a 1 Ol ibe gallbladder was essentially normal. Bacterioloo-ic examination f tl 
vcntoneum showed nonhemolytic streptococci. Staphylococcus albus arlrBacm 
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The preparation and use of bacteriophages against the colon bacilli 
present special problems. The difficulties appear to be due in part to 
the numerous A’arieties and strains of bacteria included within this group 
and in part to the long continued association between the colon bacilli 
and various lytic agents of the bacteriophage group in the intestines 
of man and other vertebrates. A great variety of possibilities is thus 
presented. 

Furthermore, the location of the pathologic condition in the patient 
may introduce additional complicating circumstances. The infectious 
process may be located on a surface in contact with abundant other 
bacteria, as in intestinal ulcer, or in contact with a more or less irritating 
or toxic liquid, such as the urine, in a wound or in the interior of the 
blood vessels. The special conditions present at the site of the infection 
may require careful consideration and sometimes modification in order to 
permit success. These regional factors are, however, of secondary 
importance. The primary problem is that of combat against a specific 
bacterial parasite which is causing the infectious disease. The specific 
bacteriologic diagnosis is paramount, a point sometimes neglected in the 
modern enthusiasm for regional specialization in medicine and surgery. 

Continued study of bacteriophages discloses the complexity of this 
.group of entities and differences in character of the various lytic agents. 
Those which act against the colon bacilli present peculiar problems. In 
preparing for laboratorj^ service in this field one should first collect a 
large number of bacteriophage races from various sources. These may 
be obtained from samples of sewage as well as from individual samples 
of intestinal contents. It is also easy to get them by transfer from other 
laboratories which ma}’’ already possess multiple races in their collections. 
Probably many of these races are not .pure but represent mixtures of 

These studies have been aided by a grant from the Josiah Macy Jr. Foundation. 

From the Department of Pathology and Bacteriology, New York Post- 
Graduate Medical School and Hospital, Columbia University. 
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1,11c agents associated toge.lter. These '’“f /“f 

Linst various culture strains of bacteria, and rvben ysis of the bac er ■ 

4es place one carries out serial filtration and moarlat.on of the fillra c 
into cultures of the particular susceptible bacter.al strant m order o 
enhance the activity of the bacteriophage to maximum potcnc) . Ihw 
this filtrate of enhanced potency is tested against many other bacterial 
strains to gain an idea of its polyvalence. In practice, one then com- 
bines several of the most potent and most polyvalent filtrates lor use as 
a stock pol>n'alent colon bacteriophage. The individual bacteriophage 
races are. however, preserved. They keep well in sealed ampules m 
the refrigerator. In general, the procedure of serial filtration and inocu- 
lation of successive cultures results in increased potency of the bacterio- 
phage not only for the individual bacterial strain employed but for other 
strains. There are, however, exceptions to this. Sometimes the potency 
diminishes and eventually disappears in serial filtration experiments, 
and sometimes as the potency increases for one bacterial strain it becomes 
diminished for another. The assumption that the original bacteriophage 
actually represents a mixture finds support in such experiences, but one 
can hardly pretend that the matter is fully understood. 

The idea of therapeutic use of the colon bacteriophage comes into 
consideration when it is recognized that the patient has ulceration of 
the intestinal mucous membrane, where the presence of colon bacilli 
may be presumed, or when cultures of the body fluids, such as the urine 
or blood, or cultures of wound exudate reveal the presence of colon 
bacilli in these specimens. The first step in the laboratory is the isolation 
and recognition of the bacterial parasite. Only under conditions of 
exceptional urgency is one justified in employing a mixed stock colon 
bacteriophage in treatment before there has been time for specific test- 
ing of the bacteriophage against the specific strain in the laboratory. 
Fortunately, in most instances the condition of the patient does not 
require immediate emergency use of bacteriophage in infections with 
organisms of this group. One therefore isolates the bacterial organism 
m pure culture, tests its various cultural and serologic characteristics 
and at the same time subjects it to serial filtration studies, at first with 
the mixed potent colon bacteriophage and subsequently, if necessary 
with several of the individual potent races of bacteriophage, in the hope 
of obtaining complete lysis and, by filtration of such lysed cultures an 

Wsfi potency. In despe’rate 
hbor,?r, * riventy-tour hour serrice in the 

Wn ~ 

p'»-»n n. the hedside of the hehariot of this ^^^.t/and 
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the conclitions for their successful use. Possession of a keen scalpel is 
not tlic only requirciucnt for success as a surgeon. Yet one sometimes 
incls the pliysician or surgeon fully satisfied with his preparation for 
bacteriophage treatinent as soon as he has read some commercial adver- 
tising and has obtained a suppl}'- of filtrate from the laboratory. This 
not only leads to unfortunate results for the patient but tends to dis- 
credit bacteriophage therapy in general. The methods of clinical applica- 
tion arc still in the process of being perfected, but certain principles are 
well established. These should not be lightly regarded. Furthermore, 
the progress of the case needs to be checked b}*^ frequent bacteriologic 
study of specimens from the infected region. Intimate and sympathetic 
cooperation between the clinician and the bacteriologist is therefore of 
great importance. 

EfiTctive action of the bacteriophage on the microbes cannot be 
expected unless it comes into direct relation with them. When the 
infected region is easily reached without risk of damage to the tissues, 
it is best to place the bacteriophage in or on the lesion. When the 
infected site cannot be directly approached with safety, intravenous use 
of the bacteriophage, so that this agent may reach the infected tissues 
through the blood stream, should be carefully considered. The probable 
difficulties and dangers of different methods of application should be 
tlioughtfull}'’ weighed in the light of experience in the use of bacterio- 
phages. Intravenous bacteriophage therapy requires a special sort of 
bacteriophage preparation. In our experience a sterile filtrate of a lysed 
culture grown in protein-free asparagine medium is the most satisfactory 
t3^pe of preparation for this purpose. r 

When one has to deal with an infection of the urinary tract, in which 
the colon bacilli are present in the urine within the lumens of the bladder, 
ureter and renal pelvis and have penetrated into the l}'mph spaces beneath 
the epithelial lining of these structures, particularly that of the renal 
pehds, and have ascended more or less along the collecting ducts into 
the medulla or even into the cortical substance of the kidne}' or ma}' even 
have established themselves in the blood stream, the problem is not 
simple. The most dangerous inflammatory lesions in such a case can 
be reached only through the blood stream, and it is best to begin the use 
of the bacteriophage by intravenous administration. However, udien the 
infection of the renal tissues has been overcome, one will find new dif- 
ficulties confronting one in attempting to eradicate the bacteria from the 
urine in the lumens of the renal pelvis, ureter and bladder. If the urine 
is markedly acid or alkaline, the colon bacilli in it are able to resist even 
the most potent bacteriophage. This has been clearly demonstrated by 
experiments in the test tube in which human urine adjusted to various 
degrees of acidity and alkalinity from pn 5 to 8 was emplo)cd as t e 
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culture medium.^ Only in those tubes in the intermediate />h ratine, iro 
about 6 6 to 7.2, ivas the bacteriophage-able to exhibit its full li-tu. pow t . 
Obviously, therefore, one cannot expect bacteriophage lysis to occur in 
urine ivithin the body if the chemical reaction of this inediuin^ is tar 
from the neutral point. Fortunately, the importance of regulating t ic 
hydrogen ion concentration of the urine in pyelitis had been recognized 
as a result of clinical experience before bacteriophage therapy came into 
the field. In fact, there is good reason to believe that the usual defensive 
agents of the body, such as the ivhite blood cells and the antioacterial 
substances of the blood plasma and the lymph, find themselves scriously 
at a disadvantage in a medium which is very acid or verj’ alkaline. The 
urine may be made almost neutral in reaction and may be maintained 
in this condition by the ingestion of a fairly uniform diet, large amounts 
of fluid and the precisely necessary amounts of alkali-residue drugs, such 
as potassium citrate or the more powerful and more dangerous sodium 


bicarbonate, or of acid-residue drugs, such as acid phosphates or 
ammonium chloride. Determination of the hydrogen ion concentration 
of the freshly passed urine, each morning and evening, by use of phenol 
red. bromcresol purple and suitable comparators is the necessary guide 
to these adjustments, which, moreover, should be made gradually. 

As a general rule, chemical antiseptics should not be used in con- 
junction with bacteriophages, as the Irtic agent is inhibited by very 
minute quantities of such agents as formaldehyde, in fact by quantities 
too minute to exert evident effect on the bacteria.^ 

It has also been shown that the admixture of blood, blood serum or 
purulent exudate - with urine tends to interfere with the action of the 
bacteriophage, and it appears that mucus may act in a similar way. Local 
trauma to the urinary tract by instrumentation may therefore be expected 
to favor the bacteria as against the bacteriophage. This should receive 
due consideration before urologic instrumentation is undertaken. 


•Vnother matter to be thought about before introducing instruments 
into the ureters or renal pelves is the danger of spreading the infection 
to previously uninvoked locations. It is an honored surgical principle 
dial one should not incise through an infected region into a region free 
from infection. For example, the experienced abdominal surgeon does 
not open the peritoneal cavity by an incision passing through a furuncle 
of the abdominal wall. When, therefore, one is certain that the bladder 
urine is infected with colon bacilli, it is well to pause for consideration 
iicfore passing an instrument through this bacterial culture into a possibly 
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bactcna-frec region beyond. This surgical principle should be honored 
by the observance rather than by the breach, as sometimes obtains in 
the urologic specialty. 

These suggestions are not intended as reflections on the technical 
pioccdures of modern urologic instrumentation when properly employed, 
with adequate knowledge of the bacteriology of the urinary tract, but 
they are intended as a protest against ill-considered instrumental meddling 
with the urinaiy tract during the attempted application of bacteriophage 
therapy to this region. 

Although the available evidence from autopsies and from animal 
experimentation is rather meager, we are nevertheless convinced that 
successful bacteriophage therapy of urinary infections proceeds from 
above downward. The bacteria are defeated and driven out of the renal 
substance, the renal pelvis and the ureter in turn. In the urinary bladder 
they are less vulnerable, possibly because of the larger volume of urine, 
which may have undergone undetermined changes in composition, and 
possibly because of folds and crypts in the mucous membrane, par- 
ticularly near the vesicle neck, where the bacteria may be relatively 
protected. Whatever the explanation, clinical experience indicates the 
wisdom of stopping bacteriophage treatment when the patient has become 
free from symptoms and the bacterial count in the urine remains per- 
sistently below 20,000 per cubic centimeter for several days without 
complete sterility being obtained. One may sometimes attain final suc- 
cess in such instances by introducing silver nitrate in a 1 : 10,000 solution 
in distilled water into the urinary bladder on two successive days and 
following this by oral administration of methenamine and acid phosphate 
for two or three weeks. 

Septicemia due to the colon bacillus is not common. We have had 
opportunity to treat only four patients with this condition in the past 
three years. To all of these the asparagine preparation of the bacterio- 
phage was given intravenously, beginning with a small dose. To the 
three patients who survived, no dose larger than 5 cc. was given at any 
one time. One of these patients showed a shockingly severe reaction ; 
another, only a slight rise in temperature, and the third, a mild chill 
following the intravenous therapy. The patient who died gave no reac- 
tion to the bacteriophage at any time, although the dosage was increased 
to 10 cc. of the undiluted preparation every two hours. 

Inflammations of the large intestine which can' be recognized as due 
to such organisms as the dysentery bacillus of Shiga have been treated 
by d’Herelle and others with bacteriophages with conspicuous success. 
Our own experience has related chiefly to stubborn colitis of long stand- 
ing and uncertain etiology and to fecal fistulas persisting surgical 
operations. We have not been able to recognize, in a satisfying way, 
the specific identity of the microbes concerned in causing the irritation 
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in these patients. The use of bacteriophages has, therefore. V.eeii 
empirical. However, one i^aay justify a trial of bacteriophages here 
because their introduction into the digestive tract with the food and n 
colonic tube appears to be without serious untoward results and is some- 
times followed by improvement which can hardly be accounted for In- 
psychic impression alone. Ordinarily a bacteriologic study of the feces 
should first be made. The bacteriophages to be used are selected after 
test against the bacteria found. The broth-bacteriophage preparations 
are used, and usually several are mixed together so that the mixture 
will act against colon, dysentery and pyocyaneus bacilli and also staphylo- 
cocci. Possibly the favorable results may be due to a partial suppression 
of various bacteria which are acting as secondary invaders of the lesions 
in the intestinal mucous membrane, thus permitting the natural defenses 
of the body to cope more successfully with the essential cause of the 
disorder. 

In the succeeding papers of this series we purpose to present in more 
detail the records of a few patients suffering from infections with colon 
bacilli and to indicate the mode of application of bacteriophage therapy 
in each case. 


SUMilARY 


The preparation of bacteriophages active against colon bacilli presents 
particular problems, apparently because of the complex nature of the 
reactions between the bacteria in this group and the multiple bacterio- 
phage agents to be considered. 

Specific bacteriologic diagnosis and isolation in culture of the offend- 
ing microbes should generally precede the therapeutic use of bacterio- 
phages. A specific bacteriophage filtrate prepared with the infecting 
organism should be substituted at the earliest possible moment for any 
stock preparation which may have been emploved as an emercrenc'v 
measure. ' ^ 


The essential conditions for most effective bacteriophage action at 
the site of the infectious lesion should be intelligently created and 
maintained. 


Particular technical methods of clinical application 
patients will be indicated in succeeding papers. 


tor individual 



I iilvI'ORA ( ^O^J OF JEJUA'AL ULCER INTO THE 
FREE ABDOMINAL CAVITY 

HARRY A. SINGER, M.D. 

AND 

KARL A. MEYER, M.D. 

CHICAGO 

Jcjiwnl (including gastrojejanal) ulcers of peptic origin are con- 
ceded to be relatively serious as compared with similar lesions in the 
stomach and duodenum. The seriousness of a jejunal ulcer can be 
attributed chiefly to the proclivity of the defect to extend rapidly beyond 
the wall of the intestine. This tendenc}' is due to the thinness of the 
jejunum and to the inherent susceptibility to peptic corrosion of this 
portion of the digestive tract. The complications which develop as a 
result of the extension of an ulcer beyond the serous coat of the jejunum 
are of two principal types, penetrative and perforative. Penetration 
occurs when an adjacent structure becomes attached to the base of the 
ulcer before actual rupture occurs. Often there develops a granulomatous 
mass of considerable size simulating a neoplasm. Perforation generally 
occurs into the free peritoneal cavit}' or into a neighboring hollow 
viscus. Occasional!}', however, the entire thickness of the ventral 
abdominal wall is perforated, and a communication between the jejunum 
and the exterior is established. When the rupture occurs into a hollow 
viscus it is the colon that is almost inA'ariabl}'’ invoh'^ed. The subject 
of jejunocolic fistula resulting from a perforated ulcer has been exten- 
sively studied and accorded great attention in recent medical literature 
(Brains and Meyer,’- Verbrugge,- Florcken and Steden,^ Urrutia,'* 

From the Department of Medicine, University of Illinois College of Medicine, 
the Department of Surgery, Northwestern Medical School, and the Cook County 
Hospital. 

1. Brams, W. A., and Meyer, K. A.; Diagnosis and Treatment of Gasfro- 
Jejunocolic Fistula, Surg., Gynec. & Obst. 38:646, 1924. 

2. Verbrugge, J. : Gastrojejunocolic Fistulas, Arch. Surg. 11:790 (Nov.) 
1925. 

3. Florcken, H., and Steden, E. : Beitrage zur Entstehung und Therapic dcs 
Ulcus pepticum Jefuni (U. p. j.) nach Magenoperationen nach einigen Erfahrungen 
und einer Umfrage bei 22 Chirurgen, Arch. f. Win. Chir. 143:173, 1926. 

4. Urrutia, L. : Das Ulcus pepticum jejuni nach Magenoperationen in Spanien, 
Arch. f. Verdauungskr. 40:339, 1927. 
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Labey and Jordan « and Sokolov «)• On the other hand, rupture of a 
ieiunal ulcer into the tree abdominal cavity has not been die subject 
of a comprehensive report for many years. We de.ned h dcsir^e 
therefore to investigate anew the free perforation ot a 30 tmal tike , 
and to attempt to bring the literature up to date. As a result ol tii 
.tudy we are able to confirm many of the statements made by previous 
writers and to add certain observations which we believe merit presen- 
tation. No attempt will be made to cover phases ot the subject ade- 
quately treated in previous publications. 


IXCIDENCE 

It is universally conceded that the free perforation of a jejunal ulcer 
is not of common occurrence. However, whether the condition is 
rare or merely uncommon appears to be an open question. The German 
literature particularly leads one to assume that the free perforation 
of a j'ejunal ulcer is almost a unique happening. Spath,' whose report 
appeared in 1927, stated that he could find accounts of only eleven 
perforated jejunal ulcers, three of which occurred in one patient. 
Spath’s case of ruptured jejunal ulcer brought the number to twelve. 
In the statistical study by Fromme,® published two years later ( 1929). 
tiiree cases were added, one by Porzelt® and two by himself. In the 
same year Just recorded the results of his own review of the litera- 
ture gathering seventeen cases of free perforation of a jejunal ulcer 
and adding one of his own. The latest report of a ruptured jejunal 
ulcer published in German periodicals is that of Steden who, in 1931, 
described four cases in only three of which there was actual perforation. 
This brings the total, according to German writers, to twenty. This 
astonishingly small number is explained by the failure of the German 
writers to include cases reported in other languages. The figures of 
British authors, which embrace the cases of all countries, are much 


5. Lahey, F. H., and Jordan, S. M.: Gastrojejunal Ulcers and Gastrojejuno- 
cohe Fistulas, Ann. Surg. 87:231, 1928. 

6. Sokolov, S. E.; Beitrage zur Frage des Ulcus pepticum jejuni postopera- 
livum auf Gruiid eines Materials von 134 Fallen russischer Chirurgen Arch f 
Idin. CluT. 149:230, 1928. 

_ 7. Spatli, F.: Ueber das in die Ireie Bauchbohle perforierte Ukus nenticum 
jciuni, Deutsclic Ztsebr. f. Chir. 293:113, 1927. 

'■epluneu rlc? die freie Bauchhohle 

q p Lkus pepticum jejum, Beitr. z. klin. Chir. 147:111, 1929. 

perforierte Ulcus pepticum jejuni im GefoKe des 

' j(, ’ f f Zentralbl. f. Chir. 55:1740, 1928 
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more rcprcscnlalive of the true incidence of jejunal perforation. In 
U09 a comprehensive article by Paterson/^ of London, on jejunal 
ulcers appeared m the Aimajs of Surgery, wliich included summaries 
of nineteen cases of perforation into the free abdominal cavity. In 1918 
\Viight/“ of Mancliester, collected thirty-two cases and Massie,” of 
London, m 1924, increased the number to thirty-seven. In each of 
two patients jejunal perforation recurred, bringing the total number 
of perforations to thirty-nine. We have been able to add to Massie's 
number fifty-eight perforations occurring in forty-nine patients (text 
at the end of the article). The bulk of these additional reports appeared 
after Massie s article was written, although a few were published 
between 1920 and 1924. This total of ninety-seven established instances 
of the free perforation of a jejunal ulcer affecting eighty-six persons 
to n'hich four from our own records are added, indicates that the 
involvement, although relatively uncommon, cannot be considered 
actually rare. Subsequently we shall endeavor to show that in addition 
to the established cases there is a relatively large group of unrecognized 
free jejunal perforations which, when taken into account, materially 
raises the incidence. 

INCREASED DISPOSITION OF RUPTURE AFTER JEJUNAL PERFORATION 

Persons in whom rupture of a jejunal ulcer into the free abdom- 
inal cavity occurs appear to be particularly predisposed to perforation 
in general. One indication of this tendency is the striking frequency 
with which previous gastroduodenal rupture occurred in the case of 
jejunal perforations which we found reported. Of the forty-nine patients 
added to those listed by Massie the nature of the original lesion was 
obtained in twenty-three. In fifteen (66 per cent) of these twenty-three 
the initial operation was performed for a ruptured gastroduodenal ulcer. 

In one of the remaining eight a perforated ulcer of the stomach was 
the cause of the patient’s fourth gastric operation, the fifth and final 
one being a resection for jejunal rupture. It is more than likely that 
statistics based on a larger number of jejunal perforations would fail 
to give as high an incidence of previous gastroduodenal rupture. Nevei- 
theless, the frequency of antecedent perforation in the stomach and 
duodenum in the small group studied cannot be disregarded. It signifies 
that in at least a fair percentage of gastroduodenal ruptures treated 
by gastro-enterostomy subsequent jejunal perforation is to be antici- 
pated. On account of the frequent development of jejunal perforation 

12. Paterson, H. J.: Jejuna] and Gastrojejunal Ulcer Following Gastrojejunos- 
tomy, Ann. Surg. 50:367, 1909. _ p •, t 

13. Wright, G.: Secondary Jejunal and Gastro-Jejunal Ulceration, Lnt. J. 

Surg. 6:390, 1919. 

14. Massie, G.: Perforated Jejunal Ulcer, Guy’s Hosp. Rep. "4: 0, 
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several authors (Spath; Fromme^ and Brandtner and Tonnis 
recommend, ^vhen possible, the avoidance of simple gastro-cntcroston > 
in the treatment of acute gastroduodenal perforation. 

Another indication of a heightened predisposition to perforation 
in patients with jejunal rupture is the tendency toward recurrent per- 
foration. Repeated jejunal ruptures occurred in six of thirty ot 
the cases collected by us. In the remaining nineteen insufficient data 
were available for analysis. In Robinson’s patient a jejunal perfo- 
ration occurred twice at inter.-als of about six months. Brandtner 
and Tdnnis performed a gastro-enterostomy for a perforated duodenal 
ulcer in a patient wffio subsequently had two jejunal perforations four 
months apart. Nixon and Lorvr)' operated on a patient on Julj 3, 
1921, for an ulcer on the greater curvature, seen in a roentgenogram. 

A posterior gastro-enterostomy was performed. In October, 1922, tlic 
first perforation, located in the stomach just above the stoma, occurred. 

In i^Iarch 1926, a jejunal perforation took place and in August 1927, 
a rupture similar to the first. A fifth operation, in December 1927 , 
disclosed multiple gastrojejunal ulcers “trvo about to perforate in the 
colon.” The maximum number of true jejunal perforations occurred 
in the case of Riess.^® In conjunction with resection of a penetrating 
ulcer he performed an anterior gastro-entero-anastomosis. Three con- 
secutive perforations of the jejunum took place on Sept. 27, 1922, 
klarch 27, 1923 and j\Iarch 28, 1925, respectively. Irrespective of the 
location, the largest number of perforations of a peptic ulcer occurred 
in the cases reported separately by Davenport and Henry.-® Daven- 
port’s patient was first operated on for a perforated duodenal ulcer, 
at which time a posterior gastrojejunostomy was performed. Subse- 
quently a jejunal perforation occurred trvice, and the anastomosis rvas 
undone. Two additional gastroduodenal ruptures followed, bringing 
the total to five. Henr}'’s patient had the same number of perforations. 
The first was gastric, the two subsequent were jejunal, the fourth was 
not specified and the fifth was located at the stoma. 

15. Brandtner, C. E., and Tonnis, W.; Beitrag zur Haufigkeit und Behandlun- 
^ pept’cum jejuni nach Gastroenterostomie wegeti perforiertem Magem 
una Uuodenalukus, Deutsche Ztschr. {. Chir 236*93 193 V 

52:2SiriS5 ■ des Ulcus Pepticum, Zentralbl. f. Chir. 

i Operations in Twelve Years for t* 

A. M. .\. 97:99 (July ll) 1931 . lears ior Perforation, 

' Perforations, Surg., Gynec. & Obst. 
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An acldilional manifestation of an increased susceptibility to per- 
foration in the gfronp of forty-nine patients with fifty-eight ruptures 
IS found in the occurrence of six free perforations of the jejunum 
following gastric resection. Half the resections were wide; the other 
half were limited to a pylorectomy. In the case of Brandtner and 
1 onnis an anterior gastro-enterostomy was performed during an 
operation for a perforated duodenal ulcer. A jejunal perforation fol- 
lowed, on which account the stomach was widely resected. Following 
recovery from the resection there occurred a jejunal perforation which 
was treated successfully by simple suture. Briitt’s patient also had 
a gastro-enterostomy performed following the perforation of a gastro- 
duodenal ulcer. A 3 ^ear later an extensive resection of the Billroth II 
type ^yas performed on account of symptoms caused by an unruptured 
jejunal ulcer. A year after the resection an acute perforation of a large, 
calloused jejunal ulcer developed for which operation was undertaken 
with fatal outcome. Postmortem examination disclosed two additional 
jejunal ulcers. Fldrcken and Steden ® described a case in which a gastro- 
jejunal ulcer developed following a pyloric resection. An extensive 
resection was therefore performed, following which a second jejunal 
ulcer developed and subsequently perforated. In Januar}^ 1927, Rob- 
inson performed a Billroth II operation on the order of a pylorectomy 
for the cure of duodenal ulcer. The patient was free from symptoms 
until August 4, when an ulcer of the jejunum perforated. The opera- 
tion consisted of suturing the ulcer and covering it with omentum. On 
Jan. 28, 1928, a second perforation of the jejunum distal to the 
anastomosis occurred. Operation was again followed by recovery. The 
sixth jejunal perforation in this group occurred in Steden’s patient 
who was operated on for the first time in 1922 when a perforated 
pyloric ulcer was closed. The patient was subsequently operated on 
several times, and finally in December 1922, resection and posterior 
gastro-enterostomy were performed. Four years later a gastro-jejunocolic 
fistula developed and subsequently a jejunal ulcer perforated into the 
free abdominal cavity. 


ACUTE PERFORATION OF JEJUNAL ULCER WITH SPONTANEOUS 

CLOSURE 

Benign ruptures occurring in connection with the stomach and 
duodenum have been recognized for many years. These were generally 
referred to as “subacute” perforations (Lund"" and Moynihan ). t 


21. Briitt, H. : Bericht uber die 34 Tagung der Vereinigung Nordwestdeufseber 

Chirurgen, Zentralbl. f. Qiir. 54:2268, 1927. ruri<r 

22. Lund, F. B. ; Subacute Perforation of the Stomach with Report ot I 

Cases, Boston M. & S. J. 152:516, 1905. 

23. Moynihan, B. G. A. ; Subacute Perforation of the Stomach and Dtiodc 

Ann. Surg. 45:223, 1907. 
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was generally assumed that on account of the leisurely manner in winch 
the destruction of the gastroduodenal wall occurred noghbormg 
adhesions had an opportunity to {orm prior to actual rupture, ihe 
presence of these adhesions presumably led to the formation ot a sac 
which, when perforation took place, prevented the escape of gastro- 
duodenal content into the general peritoneal cavity. It was thought Uat 
the leakage and exudate Avere restricted to the preformed sac atrd cither 
were absorbed or underweirt suppuration leading to the development 
of a perigastric abscess. In 1912 Schnitzler offered convincing evi- 
dence that at least in certain cases of perforation with a benign course 
rupture into the free peritoneal cavity actually occurred, but that 
shortly following perforation the opening was coA’ered by a neighboring 
structure, usualh' the liver. According to Schnitzler, therefore, the 
adhesions which form in connection with so-called subacute ruptures 
result from and follow rather than precede perforation. 

Singer and \'aughan confirmed Schnitzler’s conception, employing 
among other methods roentgenography. They found that in cases of 
so-called subacute perforation of tbe stomach and duodenum the escape 
of air occurs not into a perigastric pocket but rather into the free per- 
itoneal cavity. The bubble of gas seen fluoroscopically can be made to 
shift to all portions of the abdomen with a change in the position of the 
patient. It Avas pointed out that in these cases of benign perforation a 
lAAinute-bv-minute histor)’ reveals the occurrence of sudden, A’iolent pain 
identical with that of the classic rupture. Evidence Avas offered to show 
that the initial signs of subacute perforation are characteristic of diffuse 
peritonitis, and that the chief differences between the classic and the 
benign ruptures are obserA-ed subsequent to tbe initial manifestations, 
e., in the postperforative stage. Whereas in the classic rupture the 
annihilating pain of onset is folloAved by symptoms and signs of progres- 
sive peritonitis Avbicb does not remit until death, in the so-called subacute 
tApe the diffuse peritonitis of onset rapidly recedes, and spontaneous 
recovery ensues. If a patient Avith a benign rupture is seen for the 
irst time several hours after the onset the manifestations are generally 
diose of mild, retrogressing, local peritonitis. In order to emphasize 
the incomplete character of the clinical picture in the benign cases as 
compared with that of a classic perforation Singer and ^'aughan suc^- 
mfr “tonne fruste.” The mild postperforative course ?n 

to mTkiSTS" we”'’" 
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J hcoretically it is to be expected that tlie fomie fruste type of 
rupture should occur in connection Avith jejunal ulcer, just as it does 
win gastroduodenal ulcer. That free perforation of a jejunal ulcer 
followed by early spontaneous closure does take place is borne out by our 
own experience (cases 2, 3 and 4). Regarding the incidence of forme 
irusle jejunal ulcers, hoAvever, little of value can be said based on the 
literature. It is possible that many jejunal ulcers considered to be 
penetrating had their origin in unrecognized perforations which sealed 
spontaneousl 3 ^ P^irticularly does this appear plausible when one con- 
siders the history of forme fruste perforations affecting the stomach 
and duodenum. Until recently it was generally assumed that benign 
gastioduodenal perforations Avere exceptional. After learning hoAV to 
recognize forme fruste ruptures and instituting a search for them, one 
of us (H. A. S.) -® obserA'ed forty instances in a period of eighteen 
months in one, albeit large, hospital. Subsequent experience has demon- 
strated that the period of obserA'ation AA'as not unusual from the stand- 
point of the number of cases encountered. If the manifestations of a 
forme fruste jejunal perforation become generally recognized and if 
the possibility of its occurrence is kept in mind, the present concept 
of the incidence of free perforation of this type of ulcer may be altered 
considerably. 

REPORT OF CASES 

Case 1. — Perforation of jejunal ulcer into free abdominal cavity; operative 
closure; recovery. 

K. M., a white woman, 42 years of age, was admitted to the University Hospital 
on July 10, 1930, with the history that for eight j^ears prior to 1929 she had 
experienced attacks of burning epigastric pain which occurred about two hours 
after meals and which was completely relieved by soda, milk or vomiting. In 
1929 the distress was associated with persistent vomiting which did not submit to 
medical management. Pyloric stenosis had apparently developed, and a gastro- 
enterostomy was done elsewhere. The patient obtained complete relief from her 
s}unptoms, and was instructed to remain on a soft diet. About three months 
previous to admission she tired of the diet and ate freely of irritating foods. In 
spite of dietary indiscretions she had no distress until about a week before entrance 
when she noted bloating and nausea about a half hour after meals, followed at 
times by vomiting of material resembling coffee-grounds. She experienced no pain 
similar to that originally suffered, or any new pain left of the midline. 

On the day of admission the patient was free from symptoms until 10 a. m. 
when she was suddenly seized by severe epigastric pain which caused her to double 
up. The pain rapidly spread from the epigastrium to the lower part of the abdomen, 
and within a few minutes of the onset it became intolerable. Vomiting- occurred 
shortly after the initial occurrence of pain, the vomitus having the appearance o 
coffee-grounds. The pain continued unabated until the anesthetic was administered. 
Physical examination at the time of admission disclosed essential!}' diffuse a om 
ina! tenderness and boardlike rigidity. The dulness of the liver was not o iter 

26. Singer, H. A.; Spontaneous Recovery from Perforation of Peptic Ulcer 
into the Free Abdominal Cavity, Arch. Int. Med. 4.5:926 (June) 1930. 
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ateA and no peristalsis was heard on auscultation. 

S L I OM i oi . materM res.mblinB coffee-grounds. Tl.c rv.n.o moon ce,. 
'comt was 12,000. The temperature, pulse rate and respiratory rate were ^^latncb 
Xa' A diagnosis ol mprored peptic nicer teas made, and , mined, ate operanon 

opening the abdomen, under ether anesthesia, a milky exudate escaped. 
Exploration of the stomach and duodenum revealed no evidence of a pertoration. 
The stoma oi the posterior gastro-enterostomy was then exposed, and a per ora- 
tion about 2 mm. in diameter was found on the anterior wall of the jejunum 1 cm. 
distal to the site of anastomosis. The perforation was encircled by a moderate 
amount of induration. The opening was closed with three interrupted linen sutures, 
and an appendix epiploica, which was amputated from the transverse colon, was 
sutured over the site of perforation. The abdomen was closed without drainage. 
The patient made an uneventful recoverj-, and when last seen a year after the 
perforation was free from symptoms. 

Case 2. — Pcrfofatioii of o jcjiiuol ulcer into the free obdoniiiio/ cnAfy foIloLicd 
by formation of an abscess; operative drainage; recovery. 

B. G., a colored man, 38 years of age, first entered the Cook County Hospital 
on Aug. 4, 1928, on account of abdominal pain and vomiting. He had had sj’mp- 
toms Wpical of ulcer periodically since the age of 15. He was treated medically 
until 1915, when gastro-enterostomy and entero-enterostomy were performed. He 
remained well for twelve years, after which the symptoms recurred. In June. 
1927, a second operation was undertaken, the gastrojejunostomy being undone and 
the stomach resected. The anastomosis was of the posterior Polya end-to-side 
type. The old entero-enterostomy was not disturbed. Following recovery the 
patient remained well for from six to seven months ; then he began to be troubled 
by pain located below and to the left of the umbilicus. The pain, which was mild 
and localized at onset, soon increased in severitj-, and radiated through to the back. 
Food and the usual dose of sodium bicarbonate were ineffective in affording relief. 
At times during the attack of pain vomiting would occur, but would not be followed 
by cessation of pain, iforphine was frequently required for relief. Shortly after 
entering the hospital the patient had a profuse gastro-intestinal hemorrhage, passing 
screral tarrj- stools and vomiting clotted blood. After institution of the Sippy 
treatment the pain disappeared, and the bleeding ceased. Roentgen examination 
undertaken several weeks after the hemorrhage failed to demonstrate an ulcerous 
niche in the remnant of stomach or in the stoma. The patient was discharged on 
Sept. 26, 1928, free from abdominal symptoms but still anemic. 

He returned on Nov. 9, 1928, chiefly on account of symptoms referable to 
the persistent anemia. The pain below and to the left of the navel and in the 
ac had returned, but was now relieved by the administration of alkalis. On 
^ovcmber 11, two days after readmission, the patient was seized suddenly by 
mtense periumbilical pain which rapidly spread to involve the lower part of the 
described the pam as knifelike and of far greater intensitv than 
an pam he had previously experienced. Instead of continuouslv moving as he 

«le. 

. attempt at change oi position was associated with intense stabbinp- nain 
the patienfs t s™dar ,n origin to the ones witnessed bv him during 

uvwphinc ( = t grain [\f,2 nm]) ,vhich aftordedT 

Which afforded the patient partial relief. When 
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seen hy nn aKcncIitig physician six hours after the onset of vmtpnf n • .u 
was fairly comfortable. The attending physician noted a moderate" 3010^^01 

ngiditj 11, ere was little or no distention. The peristaltic sounds were decreased 
in minibcr and duality He suspected the possibility of a perforation, but hesitated 
to make the diagnosis because of the rapid improvement which followed the violent 
pan, 0 onset and on account of the lack of classic signs. Each hour that passed 
found the patient greatly improved and the signs of peritonitis less definite 

AVe were first consulted five days after the onset of the initial violent pain 
oecause of the development of a temperature which ranged between 100 and 101 F 



Fig. 1 (case 2). — Pneumoperitoneum due to the perforation of a jejunal ulcer. 
The sickle-shaped area of radioluc’ence beneath the diaphragm on the right side 
represents free air. On the left side a fluid level is seen due to liquid and gas 
in the stomach. Adjacent to the gastric air bubble is a small amount of free air 
(indicated by arrow). 


On examination an ill-defined mass could be palpated in the lower part of the 
abdomen to the left of the midline. On the basis of the history, which was typical 
of acute rupture, we assumed the presence of a dosed perforation with the develop- 
ment of an intra-abdominal abscess. Fluoroscopic examination establisbcd the 
diagnosis for practical purposes by demonstrating the presence of a pneumoperi 
toneum (fig. 1). Operation at this time was deemed inadvisable and was deferred 
until November 27 , twelve days after the onset of the acute pain. The mass 
which had increased and become more definite was incised, and its purulent con- 
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tents drained When the patient was discharged on Jan. 9, 1919, a small amount 
of drainage was still present, but the patient's general condition was good, 
failed to return for further observation. 

Case Z-Perjoration oj a jcjmal ukcr into free abdommal caz-lty in a faUc»l 
-J old oastrohic fistula; s(,ou,aneous elosure of reeeu, fierforaUou; reeurreut 
leakage from rupture follmAug heavy meal; opcratiou, dealli. 

E B. N., a white man, 50 years of age, was admitted to the Cook County 
Hospital on the evening of Dec. 23, 1929; the diagnosis made m the admisMon 
room was intestinal obstruction. The preliminary diagnosis apparently prondiccd 
the subsequent examiners, for the history as recorded by them indicates that they 
were governed by a preconceived idea. It was stated that the patient entered on 
account of severe abdominal pain of four hours’ duration. The acute illness was 
preceded by symptoms of “colitis," present for a period of five months, and charac- 
terized by from twelve to fifteen evacuations a day. On the day of admission the 
patient ate a hearty breakfast at 8 a. m. At 10:30 a. m. he was seized with 
shooting pain which traveled across the middle of the abdomen, causing him to 
double up. The pain continued to be severe, and within thirty minutes had spread 
to involve the lower left quadrant, where it reached maximum intensity. The pain 
did not abate. No stool or flatus had been expelled since the onset. 

The patient had been treated medically for peptic ulcer in 1919, and was oper- 
ated on for ruptured ulcer in 1921. In 1923 a gastro-enterostomy was per- 
formed, and in 1926 the patient suffered a severe gastro-intcstinal hemorrhage. 
Nothing was recorded regarding the character of symptoms which preceded the 
“colitis,” nor was an attempt made to relate the diarrhea to the development of a 
gastrocolic fistula. 

Physically the patient was described as suffering from severe intermittent pain. 
The presence of a cold sweat was noted. Abdominal examination disclosed two 
scars in the upper half, diffuse tenderness most marked on the left side and a firm 
tenseness of the abdominal W'all which prevented palpation of the intra-abdominal 
contents. It wms stated that peristaltic waves were not visible, but that increased 
peristalsis was heard on auscultation. A diagnosis of incomplete intestinal 
obstruction was made, although the possibility of a complication of the colitis was 
also considered. Enemas, gastric lavage and hypodermoclysis were instituted, 
following which the patient was more comfortable. 

The next morning, December 24, the patient was given a barium sulphate 
enema which met obstruction at the sigmoid flexure, caused by what appeared to 
c an extrinsic mass. However, the pain had completely disappeared, and the 
patient was quite comfortable. On account of the decided clinical improvement 
operation was not deemed advisable at that time. On the following day, December 
-a. the patient was served Christmas dinner at noon. In the afternoon he com- 
Nained of severe abdominal pain similar to that experienced on the day of onset 
tile pam moderated after several hours, but nevertheless was felt keenly after that 
line. unng the next two days distention appeared, and accompanied the pain 
<uUcdT. '’r 28. si.x days after admission, that we were con- 

ndmiJsiou ts a idle he? 

‘ ci>^ume(i to be due to a perforated leiunal i. *j 

nr— — 
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ingestion of liic Christinas dinner. Since the natient tvac • 
l>ossihility of a patent perforation conid nof be "duded opeZ7"" 
mended and nndertaken iinmediateJ.v. ’ ^ recom- 

. ^vere found to be covered with a fibrinous 

xudafe. After wiping away the fibrin from the region of the stoma at which 
point It was thickest, a perforation the size of a pinhead was exposed 4 cm. distal 
he anastomosis on tlic anterior wall of the jejunum. The perforation was 
readily sutured. 'Ihc colon was intimately attached to the stomach with which it 
eommunicatcd m the region of the greater curvature. The posterior gastro-enter- 
ostomy was undone in order to repair effectively the gastrocolic fistula. Since an 



Fig. 2 (case 4). — Roentgenogram taken five hours after the administration of 
a barium meal. The retention in the stomach and duodenum was due to the 
obstruction of the proximal jejunum by the compression of an abscess following 
perforation of a jejunal ulcer. 


obstruction existed at the duodenum it was necessary to perform another gastro- 
enterostomy. The day following operation signs of spreading peritonitis developed, 
and the patient died on December 30, two days following operation and one week 
after the onset of the perforation. 

Case 4.—Peiioratwii of jejunal ulcer into free abdominal cavity; development 
of high intestinal obstruction due to compression by compheattng abscess, iticisi 
and drainage of abscess; recession of obstruction and recovery. 

L. H., a white man, 49 years of age, was referred to one of us (K. A. M-) 
on Sept. 4, 1931, for surgical relief from a duodenal obstruction. The liistory s 
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mined bv the referring pliysician staled tliat tlic ^ posterior 

Ibe srmptoms of an ntcer continned 

ptro-ente, ostomy *"■> ^ „mek „i cpigaslric pain and 

lor a continuous period of {our jear. rcnia'incd ivdl until 

vomiting occurred which lasted onh a tew da. s. ^ ^ of strict 

nvo treelrs before, tvh.n he enp.riene.d another recnrrcnc . J " 

medical management tf* symptoms failed to snb.tnl to control, 
roentgen escaml.ation teas proposed. A barium snlpbate 

davs before our first esamination disclosed a dilated stomach tvitl, bypcrpcr.stalsis 



Fig. 3 (case 4). — The stomach and upper intestinal tract shown in figure 2 
alter the patient had recovered trom the incision and drainage of the parajejunal 
ajsccss. The exposure was made three hours after the radiopaque meal was 


aCbtc , and demonstrates an absence of the previous duodenal obstruction. 


•in I a greatly dilated duodenum which was apparently obstructed (fig. 2). The 

assumed to be a gastrojejunal ulcer w'hich produced 

"■‘irouiiig 01 the stoma. 


1 i .-in .vcuic r ^ ^ account 

rM'l-ccdt ° ’"'I'al pain, which was diffuse, gradually abated and was 

-mitC dtcTo^d'tr 'a”nfb!.''' the 'abdomen. Nausea 

eck. tollovvmg the acute penoration led to the discovery of a 
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tender mass tlic size al a lemon, just above the level of the umbilicus to the left 

‘‘T ’”1?''"';; was 101.6 F., and the white cell count was 

-.dUJ. 1 he diagnosis of perforated jejunal ulcer with subsequent formation of 
an abscess was made, and the obstruction attributed to the associated collateral 
mnammatory edema. It was thought advisable to treat the patient conservatively 
m^ tlic hope that (he innammation would subside and the obstruction recede. After 
withholding ingesta for a week and furnishing fluids, salt and dextrose by veno- 
clysis the mass and tenderness disappeared, and the temperature and white ceil 
count returned to appro.ximatel}' normal. The patient was then given a liquid 
diet, and appeared to be doing well for six days, but on the following day he 
\omitcd 1,500 cc. of material. Operation was tlierefore decided on, and performed 
on September 19. 

After reflecting the transverse colon upward and exposing the site of the gastro- 
enterostomy an abscess was encountered lying between the angle formed by the 
afferent and (he efferent loops. The abscess compressed and narrowed the adjacent 
ixiwel, and was apparently responsible for the obstruction. The gastro-enferostomy 
stoma was widely patent, having a breadth of three fingers. The pus was evacu- 
ated and the cavity of the abscess drained. No attempt was made to search for 
the jejunal perforation. The convalescence was uneventful, and the patient was 
discharged feeling well. Roentgen examination undertaken following recovery 
from operation showed no dilatation of the stomach or duodenum, but a poorly 
functioning gastrojejunal stoma (fig. 3). 


COMMENT 


The account of case 1 is a classic description of a jejunal perfora- 
tion into the free abdominal cavity. It is typical of the clinical picture 
which characterizes the cases reported in the literature. In the other 
three cases jejunal perforation occurred likewise into the free abdominal 
cavity. However, the clinical picture was different, and careful analysis 
was necessary to establish the fact that acute rupture had occurred. 
In the second case an intra-abdominai abscess was traced to an acute 
perforation which was not recognized as such by the attending physi- 
cian who sa^v the patient early. The lack of recognition of the rupture 
was due to the spontaneous closure of the perforation and the limita- 
tion of jejunal leakage. The evidence in this case for perforation into 
the general abdominal cavity rather than into a preformed sac v\as 
afforded by fluoroscopy which demonstrated that the escaped air uas 
free. The genesis of the abdominal abscess is presumably the same as 
in perigastric abscess following rupture of the stomach or duodenum. 
It has been shown by Singer and Rosi that intraperitoneal accumula- 
tions of pus complicating^ gastroduodenal perforation are tie 
of encapsulation of exudate following and not preceding rupture. 

In the third case the patient was thought to be suffering from an 
intestinal obstruction. However, the history indicated dearly tliat 


27. Singer, H. A., and Rosi, P- A.: The Pathogenesis of 
Complicating Peptic Ulcer, Am. J. M. Sc. 183.600, 1 
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symptoms and signs at the outset were those of chfluse peritonitis, and 
that localization did not occur until some time later. .Apparently spon- 
taneous closure oi the opening in the jejunum occurred shortly lol- 
lorving rupture, and the escaped material rvas absorbed by the peritoneum. 
A second attack of severe pain two days subsequent to the first occurred 
following the intake of a heavy meal. Here also the manifestations 
were those of diffuse peritonitis due presumably to the separation of 
fibrinous adhesions and the reopening of the perforation. The bewildered 
clinicians were unable to reconcile the clinical history with the phy sical 
observations. As the operation subsequently demonstrated, scaling 
of the perforation was accomplished by nature following the second 
rupture also. However, the closure of the aperture was not effected 
soon enough or was not sufficiently secure to prevent the escape of 
enough material to produce moderately severe peritonitis. The con- 
fusing element in the case was the intermittent leakage, a phenomenon 
which has been observed previously in connection with gastroduodenal 
perforations (Singer -®) . Death might have been averted if the surgical 
procedures had been limited to the acute aspects of the case, and the 
old gastrocolic fistula had been dealt with at a more favorable time. 
\Vhen first seen, the patient in the fourth case presented roentgenologic 
and clinical evidence of a high intestiiral obstruction. The history 
led to the diagnosis of a recent free perforation of a jejunal ulcer 
complicated by the formation of an abscess. The pathogenesis of the 
abscess was presumably similar to that complicating the rupture in 
case 2. 


It is difficult to estimate the incidence of free perforation of jejunal 
ulcer followed by spontaneous closure. In the literature dealing with 
rupture of jejunal ulcer an occasional reference (Urrutia,'* Briitt-'*) 
>s made to the occurrence of a “covered” perforation. It appears, how'- 
ever, particularly in the case of Brutt, that the adhesions ^Yhich were 
found about the base of the ulcer might have preceded rather than 
followed the destruction of the serosa. The lack of published reports 
on the free perforation of the jejunum with spontaneous closure 
"•ould seem to indicate that this sequence is rare. Our own experience, 
uuess unique, would signify otherwise. It is more than likely that 
^ome cases of jejunal ulcer characterized by severe pain and diagnosed 
subacute perforation represent acute ruptures with 
^-equent spontaneous sealing of the hole. Careful attention should 


«>2. wlbfAwirn'.rr!!:”'' 
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be paid lo tlic details of onset and the subsequent developments in 
paucnls on whom gastro-cnterostomy has been done and who experience 
severe abdominal pain. A proper analysis of such cases, plus a knowl- 
edge of the mechanism of a forme fruste rupture may lead to the 
realization that the free perforation of jejunal ulcer occurs relatively 
oltcner and that maiw free perforations pass unrecognized. 

SUMMARY 

A statistical survey of the literature on the perforation of jejunal 
ulcer into the free abdominal cavity yields a total of ninety-seven 
instances occurring in eighty-six persons. A striking feature in patients 
A'.'ho ha\'e a rupture of a jejunal ulcer is the increased disposition toward 
])erforation. The enhanced perforative tendency is indicated by the 
frequency of previous gastroduodenal rupture and recurrent jejunal 
perforation even following resection. 

Four cases of rupture of jejunal ulcer into the free peritoneal cavity 
are reported. The first example is of the classic variety, and is typical 
of the cases reported in the literature. The other three instances are 
atypical in that two were characterized by the formation of an abscess 
and the third by evidence of intermittent attacks of perforative peri- 
tonitis. In analyzing carefull}’^ the two cases with abscesses, the initial 
symptoms were found to be characteristic of diffuse peritonitis. The 
clinical manifestations indicated primary free perforation with spon- 
taneous closure of the hole and localization of the exudate. In one case 
the presence of a movable intraperitoneal bubble of gas served to sub- 
stantiate the opinion that the rupture occurred into the free abdominal 
cavity. In the case with intermittent symptoms the initial perforation 
was of the forme fruste type ; that is, the rupture was accompanied 
b)'’ a minimum amount of leakage, owing to prompt, spontaneous 
sealing of the aperture. A hearty Christmas dinner was followed by a 
recurrence of symptoms presumably due to the separation of the 
fibrinous adhesions and reopening of the hole. With better apprecia- 
tion of the manifestations of free, acute perforation of a jejunal ulcer 
followed by spontaneous closure the diagnosis of penetration or sub 
acute” perforation will not be made as often as heretofore. Further 
more, it is believed that the recognition of atypical cases will indicate 
that the free perforation of a jejunal ulcer is not uncommon. 

RECENT CASES REPORTED IN THE LITERATURE 

The following list does not include the thirty-four cases collected by Massie.^ 

The number of cases recorded by each author is indicated in tie gure or 

preceding each name. ^ -vf i 

1-2. Ashcroft, A. T.: Two Cases of Perforated Jejunal CIcer, Br t. . • 

1:528. 1926. 
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5. Bundsdiuh: Zur Frage der Rescktion bcim freipcrtoricrtcn Mngcn-Z^v^h'- 
fingerdarmgeschwur, Arch. f. klin. Chir. 129:281, 19- 

6. Davenport.^“ . ,, 

7. Ehrlich, S. P.; Repeated Perforations of Peptic Llccrs with Kcco\e., 

J. A. :M. a. ’90:1870 (June 9) 1928. 

8. Florcken and Steden.® 

9-11. Fromme.s 

12. Henrj-.so 

13. Jura, V.: Perforation of Jejunum Following Gastro-Lntcrostomy lor 
Duodenal Ulcer, Boll, e atti d. r. Accad. mcd. di Roma 53: 131,. 1927. 

14. Just, E.: Zur Frage des frei in die Bauchholilc perforierten Ulcus pcpticum 
jejuni, Wien. klin. Wchnschr. 42:500, 1929. 

15-16. Kunz, H. : Ueber das pertorierte Magcn-Duodcnalgcschwiir und das 
perforierte pepticum jejuni. Arch. f. klin. Chir. 140:419. 1926. 

17-18. McKelvey, J. L.t Perforated Gastro-Jcjunal Ulcer, M. J. .-kuslralia 
2:414, 1922. 

19. Nixon and Lowry.'^" 

20. Porzelt.® 

21. Recht, H. : Aeussere Spontanfistel bei postoperativcm Ulcus pcpticum 
jejuni, Deutsche Ztschr. f. Chir. 224:344, 1930. 

22. Riess.’-® 

23. Roberts, A. T.; A Case of Perforating Jejunal Ulcer Following Posterior 
Gastro-Enterostomy, M. Press & Circ. 109:480, 1920. 

24. Robinson.^® 

25-27. Schwarz, E. : Ueber die operative Behandlung des perforierten Magcn- 
und Duodenalgeschwiirs und der Perforation des peptischen Jejunalulcus nach der 
Gastroenterostomie, Deutsche Ztschr. f. Chir. 192:239, 1925. 

28-30. Sokolov.® 

40. Spath.' 

41-43. Steden.^i 

44. Steinberg, M. E. ; Acute Perforation of Jejunal Ulcer, Northwest Med. 
1924. 

45-47. Urrutia.'* 

48. Winkelbauer, A.: Zur Frage des postoperativen Ulcus pepticum jejuni, 
Arch, f. klin. Chir. 140:427, 1926. 

49, Zeno, A.; Perforation of Jejunal Ulcer After Operation on Perforated 
Duodenal Ulcer, Rev. med. del Rosario 1:150, 1926. 


Note. Since the present article was submitted for publication a 
huh case of perforated jejunal ulcer has been observed by us ; 

cvidl suffered from symptoms of ulcer since 1903. Eventually 

W!^ pyloric obstruction appeared, on which account a gastro-enterostomv 

an a" ^■^ff«''«d acute perforation of 

ioihal mi.roT'^ ? oP^^ation. performed eleven hours after the 

the per orLil f n concealed by fibrin. Suture 

pc loration was followed by uneventful recoven-. 
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J liere arc many controversies concerning the use or alruse of methods 
lor the jircn-eiuion of adhesions, and sides are taken by men of equal 
rcnou n. Ea\'oring the advancement of the study of prevention of 
adhesions are men who IiaA'e devoted much time to experimentation to 
prove or disprove certain theories. Among them are Payr, Vogel and 
Siderenko, and more recently Kubota, Ochsner, Warren and Trusler. 
On the other liand, some liave abandoned all hope of finding a substance 
which will take nature's place, and most prominent among them are 
Hertzlcr, D. F. Jones and W. L. McClure. The subject is concrete 
and lends itself to exjterimentation. 

The purpose in view in all work of this type is not so much to prevent 
entirely the formation of all adhesions as to limit their formation to 
such an extent that they may not result in complications. It is not the 
adhesions, but the complications resulting from them which account for 
the fatalities attributed to them. Adhesions are desirable to a certain 
extent, for without them there would be innumerable postoperative 
fatalities. They constitute a natural process of protecting the peritoneal 
cavity from the spread of infection, and thereby limit the absorption 
of toxins when these are present. When no infection is evident, they 
represent nature’s method in the healing process, but frequently they 
reach such proportions as to be not only undesirable, but dangerous. 

In 1923 Denver ^ classified adhesions as congenital and acquired ; 
of the latter group he mentioned the inflammatory and operative types, 
but since injury to the peritoneum results in the same changes as an 
inflammatory process rvithout infection we can classify these two as 
one. Of inflammatory adhesions he said that they may be constructive 
or destructive, which is analogous to Hertzler’s " classification of physio- 

Frorn the Department of Pathology, Montefiore Hospital. 
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logic and pathologic adhesions : physiologic i f they degenerate ailer their 
function is performed, ami pathologic if they become progressive and 
permanent. Physiologic adhesions are essential, when their need is 
urgent to help prevent the spread of infections. But. these adhesions 
take place early, sometimes within a few hours from the time trauma 
has been induced (MacCallum "). although the fihriu is deposited trom 
ten to thirty minutes from the time the injury has taken place. The 
adhesions are expected to retrogress. \\ hether they do or not depends 
on several factors, among the most important of which arc the indiv idual 
tendency of the patient, too extensive trauma and the extent of the 
infection. There are certain adjuncts within the power of the opciatoi 
which tend to limit the formation of adhesions, hut these do not solve 
the problem. The solution lies, as Jones and McClurc'* put it. in the 
imitation of nature’s method of prevention and ablation of adhesion>. 
With this principle in view, the stvidies reported here deal especially with 
the biochemical action in the development and the retrogression of 
adhesions. 


The manifestations of the process involved in the formation of 
adhesions will be modified by the anatomic surroundings and the physio- 
logic activity of the peritoneum. It is necessary, therefore, to have a 
clear understanding of the anatomy, physiology and pathologic physiol- 
ogy of the peritoneum before one can undertake to alter the normal 
mechanism. The omentum is a peritoneal organ which plays a great 
part in physiologic activity in the process of repair. It is covered by 
a flat layer of endothelial cells, any injury to which calls forth great 
protective action on its part. The great role of the omentum is to wall 
off the site of an infection by adhering to it and thus preventing spread 
of the infection. It is well known that the omentum has a particular 
tendency to cling to roughened or infected surfaces. The parietal peri- 
toneum lines the cavity and the vdsceral peritoneum covers the organs 
as a whole or in part, depending on their position and relation. Its 
function is primarily twofold: (1) to provide a smooth surface so that 
Are organs may have free gliding movements during their normal activ- 
'ty, and (2) to absorb excess secretion in the cavity. Experiments have 
^een performed to determine the route of the absorption with diphtheria 
toxin used as the agent. The conclusion was that the toxin was absorbed 
t irough the blood stream as well as through the lymphatic system. 
^ lough there is some controversy the route of absorption is irrelevant 
'ere. But what is of concern is that absorption takes place with remark- 
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nb c r.\pK]ny. ibis is one of the factors to bear in mind when using 
solutions to inhibit the formation of adhesions. Experimental animals 
ha^•e absorbed as nuich as 8 per cent of their body weight in one hour. 
If the amount injected docs not exceed 10 per cent of the body weight, 
oO pei cent or one third of the solution is absorbed in thirty minutes. 
Tlic rate of absorption varies with the character and density of the 
tluid used, and may be delayed by peristalsis, because it is by peristalsis 
and the excursion of the diaphragm that the fluid injected is moved 
about. Since the rate of absorption is rapid, we therefore see that any 
substance introduced must be beneficial by virtue of its initial and rapid 
action as well as of its other properties. 

During an insult to the peritoneum, by either chemical or mechanical 
means, there is an immediate deposit of fibrin on the surface. This 
process is comparable to an inflammatory reaction; it increases the 
tendenc}- for adjacent surfaces to adhere and is responsible for the 
formation of fibrinous and then of fibrous adhesions which may eventu- 
ally prove to be permanent and dangerous. The deposition of bundles 
of fibrin has been observed by Hertzler as early as ten minutes following 
the approximation of surfaces ; the process is usually completed in two 
hours, and after six hours the adhesions are fairly firm. The rapidity 
with which these fibers are laid down is emphasized by the observation 
that during an operation for a gastro-enterostomy the first line of sutures 
is completely covered by fibrin by the time the operation is completed. 
The entire mechanism of the peritoneum is concerned with the attempt 
to localize and limit the extent of serosa involved. 

Lacey® says that in the early reaction to an inflammatory process 
there is local leukocytosis, and that through the action of proteolytic 
ferments resulting from the leukocytosis the exudate which forms is 
absorbed. Consequently there is a dissolution of the products which 
results in adhesions. To duplicate this process artificially it would be 
necessary to devise some way of imitating nature’s method and to bring 
about the resorption of those products the presence of which sometimes 
results disastrously for the patient and becomes a source of embarrass- 
ment to the surgeon. 

The factors which increase the dangers of formation of adhesions 
are: (1) exposure and handling of viscera by the use of force, dry 
sponges and packing; (2) infection; (3) blood in the presence of an 
abrasion and a collection of blood in the cavity; (4) chemical irritation 
by iodine, iodoform and ether; (5) the use of a cautery, (6) sutures 
and ligatures ; (7) subperitoneal hematoma, and (8) substances intro 
duced for the prevention of adhesions. 


5. Lacey, J. T. : Ann. Surg. 92:281 (Aug.) 1930. 
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REVIEW OF THE LITERATURE 

Some of the substances and methods used for the jirevention of 
adhesions bring about the very thing which they were expected to 
prevent. Of the literature on this subject, the most logical and coinpletc 
review is the outline of Ochsner and Garside,® in which tlicy mentioned 
first the mechanical methods employed; the omental grafts suggested 
by Nicholas Senn in 1888 and peritoneal flaps. In 1894 the use of 
foreign substances was first introduced ; among the first were fish bladdci 
and the peritoneum of a calf, sterilized ox peritoneum or Cargilc mem- 
brane, oiled silk and silver foil. Then a series of substances w’as used 
apparently for their lubricating effect; sterile olive oil, petrolatum and 
camphor liniment, the use of which was recommended by such authori- 
ties as Pfannenstiel, Hahne and Seuffert. Hydrous wool fat, U. S. P., 
a brand cyf thymol iodide, paraffin, acacia, gelatin mucin and albumin of 
egg were used. To demonstrate to what extreme science will go, reference 
is made to a Dr. Pribram who advocated the use of the vitreous humor of 
calves’ eyes. Simultaneous with the use of these more or less solid 
substances, a series of experiments was carried on with the idea of 
keeping the serous surfaces apart, and in this group saline solution, 
citrate, dextrose and a combination of the last two were used. Among 
other methods mentioned are the use of oxygen in the cavit}-, high 
enemas, filling of the bladder, the administration of peptone and thiosin- 
amine and stimulation of peristalsis. All of these methods were tried 
and in the final analysis were found wanting. More recently Johnson ' 
reported his work on the use of amniotic fluid prepared in one of several 
ways. His results were excellent and were corroborated by M’arren ® 
and Truster.® Lacey ® repeated the experiments, but did not get the 
same results, although he admitted that the fluid might modify the 
density of the adhesions. 

The final era in this type of work began with the use of digestive 
terments in the prevention of abdominal adhesions. A number of inves- 
tigations are recorded concerning the efficiency of these ferments. 


193’^ A., and Garside, Earl: Surg., Gynec. & Obst. 54:338 (Feb.) 
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.Slorarl dcscriM an cxperinicnl which would make one believe that 
Ihe aclKm of pepsm results i„ the absorption or digestion of fibrin. 

lomelically, then, it may be assumed that in this manner the fibrin 
which i.s lormcd on the irritated peritoneum is also digested by the 
pepsin. In 1922 Payr ” fir.st used a product which he called pepsin-Preg-1 
snhiiion which consisted of pepsin as the digestant and PregPs solution, 
the latter being added to sterilize the ferment. Ochsner stated that 
hrnnkcnllial corroliorated the experiments and found that the substance 
inhibits the formation of adhesions. Kubota was unable to confirm this. 
Coininccd of tlic futility' of the numerous other substances, Kubota 
tried })apain as the digestant of choice and obtained satisfactory results. 
\Vith his results as an incentive Ochsner^- used a solution of papain 
in various strengths and found that in solution ranging from 1 ; 100,000 
to 1 : 400.000 the activit}' was effective. He also used trypsin, but was 
not satisfied. He found that its action was inhibited by antitrypsin, 
which is normally found in exudates and transudates. He continued 
then with the pa()ain. hut encountered some difficulty in the solubility 
of the product, and the experimentation for a time was abandoned. 


EXPERIMENTAL WORK 

Continuing- on the theory that tlie use of digestive ferments is rational, we 
decided to use an e.Ntract of pepsin, first in hydrochloric acid and then in glycerin, 
hut free from iodine. We knew the powerful antiseptic property of iodine, since 
it was demonstrated by placing 1 drop of the standard 7 per cent solution of iodine 
in 3 ounces (85.02 Gm.) of culture medium; in this strength it inhibited the 
growth of bacteria. We also learned that 2 per cent iodine was successfully used 
as an irritant to the peritoneum by Johnson," In view of these facts, we wonder, 
then, if the iodine in Pregl’s solution did not exert some influence in counteracting 
the beneficial effects of the pepsin. With this in mind, pepsin without iodine was 
introduced. The method followed in extracting the pepsin required the use of an 
acid medium to effect as complete an extraction as was desirable. This need not 
be h 3 "drochloric acid. We determined the hj'drogen ion concentration by titration 
with the following results : pepsin extracted with hydrochloric acid gave a result 
of pH 5.21 and pepsin extracted with glycerin, />h 6.5. This showed that we had 
an acid extract. We further observed that pepsin extracted with glycerin digested 
blood clots in vitro. 

Prior to the use of pepsin, we attempted to prove or discard the results o 
some experiments previously attempted. In the control e.xperiment with rats t c 
results after trauma with no agent introduced into the cavity were 100 per cen 
dense adhesions. We employed a 1:1,000 solution of urease and also obtamec 
100 per cent adhesions. Thiosinamine had been used by Offergell, Mitcie , 
and Bibergeil with moderately good results. Our work with this 
that 58 per cent of the animals had from fine adhesions to none and that 16 per 

10. Stewart, G. N.: Text Book of Physiology^ ed. 8, New York, Yhihani 

Wood & Company, 1918. . „ ■ „ ,ur R,-!iicii- 

11. Payr, E. ; Ueber postoperative und sponfane Adhaesione 

hoehle, Zentralbl. f. Chir. 41:99, 1914. ^ ^ , .i,. antimrs 

12. Ochsner, Alton; Personal communication to the authors. 
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cent oi this number had no adliesions. Forty-two i>cr cent had dense or moderate 
adhesions. This shows some measure of success. A proprietary preparation of 
bovine amniotic fluid was used and our results show 37 per cent dense or moderate 
and 63 per cent fine adhesions, somewhat more in keeping witli the results oi 
others, (Lacey"), but not as optimistic as the results of Truslcr,“ Johnson' and 
Warren.s Though our results showed 63 per cent of fine adhesions no incision 
was entirely free. These experiments were conducted on rats, and cotered a total 
of 74 operations on 32 animals. 

In our work with pepsin we used 44 animals, on which 104 laparotomies were 
performed. Most of the animals survived the several operations, but in those 
that died, we did not find a single case of intestinal obstruction at autopsy. Peri- 
tonitis and hemorrhage were the causes of death in all cases. 

To produce adhesions which may be considered permanent, there must be 
sufficient trauma to produce an exudate capable of forming fibrin to a marked 
degree. Such a process may be set up by chemical irritation, by infection or by 
mechanical violence. In our series we determined by means of controls that the 
simple handling of the viscera resulted in the formation of adhesions in 6 of S 
cases, or 75 per cent, and when we traumatized with gauze we had adhesions in 
8 of 10 cases, or 80 per cent. We therefore used the latter method. 

The abdomen, from which the hair had been clipped close and to which iodine 
had been applied, was entered through a midline incision, and the small intestine 
was vigorously rubbed with a gauze-covered finger for a distance of from 6 to 8 
inches (15 to 20 cm.) in several places. The peritoneum on each side of the 

Adhesions Resulting from Ot'cralion on the Controls 


Percentage of .tdhesions 

r ~ ~ ~ " ~ “■ ■ 'S 

Number Class 1 Class 2 

of , ' , , ^ , 

Animals Number Per Cent Number Per Cent 

10 2 20 S SO 

8 2 2.1 6 73 


With trauma 

Without trauma 


incision was forcibly scraped with the sharp end of a scalpel. The contents of 
1 e abdomen were replaced and the abdomen was closed in layers, catgut being 
used for the peritoneum and dermal for the skin. Before the peritoneum was 
cosed we instilled the fluid.i^ When the abdomen was reopened and required 
extensive separation of adhesions, we did not employ further trauma, except inci- 
dent to separation. 

For the purpose of classification we further subdivided the pathogenic adhesions 
bar;e!°r cobweb strands, viscerovisceral or viscero- 

ihe v-^ ’ ^ separated) ; (2) fine (small strands of fibroconnective tissue unitint' 

nioderatr^rm visceral or to the parietal peritoneum, easily separated) ; (3) 
contact or adherent to the visceral or to the parietal peritoneum bv 

«ween the viscera or between the viscera and the parietal peritoneum 

ornrcl "•"'■e prepared under the 

^‘^‘•'ve prfficil Parke-Davis Laboratory. The 

5’ldrochloric acid anTwitr^l^''''^"^'^^''’"' ^ of 

f-ni 0.5 to 2 per cem. " '■^nged 
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rcfiiiiriiig considerable force or section tc separate, usually resulting in extensive 
fraiitiia to the tissues involved and sometimes accompanied by bleeding). 

We divided the cases info two classes; class I, those in which we obtained 
fdmy, fine or no adhesions, and class 2, those in which moderate or dense adhe- 
sions resulted. We used the hydrochloric acid extract in one series and the 
gl.vccrin and wafer extract in another. The results follow: 

Group 1 (hydrochloric acid).— Nineteen operations were performed; 45.S per 
cent of the cases were in class 1, and of these 25 per cent showed no adhesions. 


Croup 3 


Group 4 

1 

Group 5 



1 

Control 

C I 


Per cent 0 25 50 75 


Fig. 1. — A composite graph showing prevention and alleviation curve in groups 
3, 4 and 5 and in controls. 



Fig. 2 (rabbit 28).— Third operation without injection eighteen days after lysis. 
The dense adhesion between the omentum, the small bowel and the peritoneum 
notable. 


Group 2 (glycerin and water) .-Twenty-two operations were 
per cent of the cases were in class 1, and of these 39d per cent s owe 
sions. (Since the glycerin and water extract gave better results, we continue 

our experiments with this solution.) . , 

Grc»,p 3 (glycerin end wa.er, 0.5 pec cent; 

Twenty-two operations were performed, 86.4 per cen 

1,' and of these 75.8 per cent showed no adhesions.^ irritation).- 

Group 4 (glycerin and water, 0.5 per cent; lysis ^'^outjm 
Twenty-one operations were performed; 6- per ce. 
and of these 33 per cent showed no adhesions. 
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Fig, 3 (rabbit 15). — Third operation fourteen days following lysis; SO cc. of 
0.5 per cent pepsin in a solution of glycerin and water was injected. The adhesion 
of the appendix to the small bow’el and to the peritoneum is apparent. 



^ 19).— Fourth operation twenty-one das'S following lysis of a 

piin h adhesion between the omentum and the appendix; 75 cc. 

adhesL K glycerin and water was injected. There is one dense 

'•dhcsion between two loops of the small bowel. 
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Fig, 5 (rabbit 35). — Twenty-two days after irritation and an injection of SO cc. 
of 0.5 per cent of pepsin in a solution of glycerin and water. The one fine adhesion 
between the small bowel and the appendix can be seen. 






Fig. 6 (rabbit 38).— Operation thirteen days after a primary irritation (the 
mall bowel was torn in the process and was repaired). Fifty cubic centiineters 
,f pepsin in a solution of glycerin and water was injected. The section 

if the bowel is adherent to the lower angle of the incision, and t lere < r 
obweb adhesions. 




YARDUill AX-COOPER— ABDOMINAL ADHESIONS 


27 .^ 



Fig, 7 (rabbit 37). — Operation t\vent>'-{our days after a primary operation, 
when the tissues were irritated. Fifty cubic centimeters of 0.3 per cent of pepsin 
in a solution of glycerin and water was injected. There are scars on the irritated 
section of the small bowel free from adhesions ; edema of the mesentery is evident. 



>niectcd. The absence'ofadhesLns 
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foreign substance introclucecl into the cavity. TJie factors active during 
sucli times arc very definite. The close approximation of inflamed sur- 
laccs icsults in delayed absorption of fibrin, which is not subject to 
attack as on cxpo.scd surfaces. We do not see how a substance injected 
would interfere with the formation of physiologic adhesions when infec- 
tion is i)resent and when adhesions are necessary. The formation of 
adhesions is de]}endent on deposits of fibrin and the quantity of fibrin 
deposited at any given point is in turn dependent on several factors, 
among which arc : ( 1 ) the extent of the trauma, and (2) the extent of 
the infection. Though cases ai’e found in which considerable trauma was 
used or in which infection was present, but in which no adhesions were 
found later, these cases were the exception and not the rule. 

\A'e think it can be assumed that the role of fibrin, when it is required, 
i.s not destroyed by foreign substances and that when adhesions are 
desirable fibrin is j^rcsent in sufficient amount to ward ofif the invasion 
of a foreign substance. 

SUMMARY 

Attempts have been made for forty-hve years to introduce methods 
for the pre\’ention of adhesions, but all have been discarded. The benefit 
of digestive ferments has not been disproved. Thiosinamine has not 
been effective in our experijnents. A proprietary preparation of bovine 
amniotic fluid gave favorable results. Pepsin, as a digestant, has been 
suggested experimentally to be an adjunct to the general principles of 
*^ood surgery in the prevention of adhesions. Pepsin extracted with 
hydrochloric acid was not promising as a preventive, but in a glycerin 
and water extract it was effective in its prevention or reduction of the 
reformation of adhesions in 62 per cent of the cases. Pepsin was most 
effective as a prophylactic in primary operations in 86.4 per cent of the 

cases. 



progressive obstructive jaundice 

CHANGES IX CERTA.X ELEMENTS OE THE ELOOD AXD Tl.Em 
RELATION TO COAGE'LATIOS 


JESSE L. CARE, ^lED. 

FREDERICK S. FOOTE, M-D. 

SAK fRAMCISCO 

In 1618, accordhig to ThudichuiTi,^ Johannes Fabricuis removed 
.allstones trom the gallbladder oi a living subject. Fabridus Hildamis 
refers to this operation in his “Surgical Observations,’’ but it is not clear 
whether the operation was premortem, as the only evidence ot the sub- 
ject's being alive is the somewhat dubious expression “delineatio horuni 
lapidum ad vivum facta.” 

Iso such shadow hangs over Petit’s - first project. During the decade 
beginning with 1733 he discussed boldly and with great acumen tumors 
of the gallbladder and the sequences of biliary obstruction. From these 
papers and the discussion which arose over them he emerged as the 
founder of gallbladder surger}'-, his description of symptoms and outlines 
of operative procedures remaining classic. 

Xeither Petit nor Thudichum, who wrote with equal insight a cen- 
tury and half later, failed to evaluate the difficulties of gallbladder 
surgery excepting one. Neither mentioned the hemorrhagic tendency in 
obstructive jaundice which today stands as one of the most difficult and 
perplexing problems confronting the modern physician. Nor did Bobbs ® 
of Indianapolis, who fathered the modern cholecystotomy, or Langen- 
buch^ in 1882, who is credited with the first cholecystectomv, refer to 
the dangers of postoperative hemorrhage although their statistics would 
have been better and the results of Thiriar and Courvoisier after them 
would have been more successful had they known of the danger of 
bemorrhage and of a way to control it. 


From the Department of PathologA- and of Surgery of the University of Cati- 
tornia Medical School. 

This work has been conducted under grants from the Christine Breon Fund 
K.r M«hcal Research and from the Research Budget of the Department of Pathol- 
'c> ot the Umvcrsity of California Medical School. 

1. Thudichum, J. L. W., quoted by Smith.^ 

1 Petit. J. L.: item. Acad. toy. de chir. 1:163, 1743. 

.V Bohhs. J. S.: Tr. Indiana State M. Soc., 1868, p. 68. 

■1 Latiaenlmch. quoted by Smith.^ 
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le modcin iiirgeoii slmcis superior to tliese venerable pioneers in 
eclmital luiowicdgc ;md skill and knows of the danger from hemorrhage 
since Grcig Smith '■ remarked on it forty years ago, but in spite of an 
enormous investigative eft'ort and tlie propagation of innumerable 
thcoiics he knows no more of the reason for, or of the method to con- 
trol, tins bleeding than did Martin Sims « or Petit or Johannes Fabricius 
before him. 


aAil the theories as to the cause and the treatments based on them to 
date ha\’c concerned themseh''es with deficiencies in one or another of 
tlie formed clotting elements of the blood in spite of the fact that various 
observers have at different times found each of these elements to be 
normal, even in extreme examples. It is true that Howell ' proposed 
a deficiency in heparin as the possible cause of bleeding, but aside from 
this one instance investigators have believed and attempted to prove that 
a variation in one or more of the formed clotting elements is responsible 
for death due to hemorrhage of these unfortunate persons. 

The first of these theories apparently developed from the work of 
Rohig,® who believed that the circulating bile salts (taurocholate and 
glycocholate) were responsible for the bradycardia and lowered blood 
pressure. King and Stewart ^ repeated his work in 1909 and in addi- 
tion to duplicating his result discovered that bile pigments in combination 
with the simple salts of calcium were less toxic than when given alone. 
The)’’ concluded that the resen^e blood calcium was used up in 
combining with excess bile pigments and therefore 'svas not available for 
coagulation. 

Many years later W. Walters published the results of autopsies on 
thirty jaundiced patients who died after abdominal operation. Half of 
these had large intraperitoneal hemorrhages which he accounted for by 
assuming a deficiency in calcium. He cited the work of Lee and Vin- 
cent/’^ who found that the addition of calcium chloride to jaundiced 
blood in the test tube shortens the coagulation time. Reasoning from 
this he advocated the use of calcium chloride intravenously in jaundiced 
patients. This medication met with some success and is still being used. 


5. Smith, Greig; Abdominal Surgery, Philadelphia, P. Blakiston’s Son 
Co., 1891, p. 610. 

6. Sims, Martin; Brit. M. J. 1:811, 1878. 

7. Howell, W. H. ; Am. J. Physiol. 77:680 (Aug.) 1926. 

8. Rohig, J.: Arch. d. Heilk. 4:385, 1863 

9. King, J. H., and Stewart, H. A.:. J. f "J. 

J. H.; Bigelow, J. E., and Pearce, L.: J. Exper. Med. 

10. Walters, Waltman; Surg., Gynec. & Obst 33:651 (Dec.) 

11. Lee, R. I., and Vincent, B.: The Relation o ^ 

Coagulation of the Blood in Obstructive Jaundice, Arch. Int. Med. 

1915. 



CARR-FOOTE— OBSTRUCTIVE JAUNDICE 2/9 

The benefit, ho^Yever, is not due to replacement of defidcnt blood cal- 
cium but to an entirely different mechamsm winch wdl be discussed 


^^^^Immediately following publication of the theory on calcium deficiency 
many workers made determinations of blood calcium on jaundice 
patients and on experimental animals. Halverson, I\Iohlcr and Lcrg- 
eim^- reported a slight reduction in the serum calcium in jauiidice, but 
concluded that the reduction was more apparent than real, Kocchig 
confirmed this work. Walters and Bowler, Snell, Greene and Rown- 
tree,^® and Zimmerman found no change in the serum calcium, either 
in obstructive or in other forms of jaundice. 

Following the development of methods for estimating the diffusible 
fraction of the serum calcium it \Yas felt that perhaps the deficiency of 
tills substance accounted for the bleeding. Kirk and King'" reported 
moderate reductions in the total calcium with a much greater decrease 
in the diffusible fraction. They emphasized the importance of dift'usiblc 
calcium in the clotting complex. Emerson^® corroborated their observa- 
tions and drew attention to possible errors due to ether anesthesia. Buch- 
binder and Kern,^® on the other hand, found no alteration in the serum 
calcium after ligation of the common duct in adult dogs, although they 
did find a progressive decrease of this substance in puppies. Gunther 
and Greenberg-'' substantiated this work and stated that there was no 
proof of a deficiency of available calcium in the blood serum of jaundiced 
patients. It is true that they found the concentration of nondiffusible 
calcium low in a few instances, but this was accounted for by a lowered 
concentration of serum albumin. They materially advanced the entire 
subject by concluding that factors other than a deficiency in calcium 
must be sought as an explanation of the tendency to bleeding in obstruc- 
tive jaundice. 


12 Halverson, J. O.; yiohkr, H. K., and Bergeim, O.: Calcium in the Blood 
m Tuberculosis, J. A. A. 68:1309 (May 5) 1917. 

13. Koechig, I.: J. Lab. & Clin. Med. 9:679 (July) 1924. 

1974 ^ J- P” Surg., Gynec. & Obst. 39:200 (Aug.) 

Is. Snell, A. M.- Greene, C. H., and Rowntree, L. G.; Disease of the Liver- 
• A Comparative Study of Certain Tests for Hepatic Function in Experimental 
Obstrucuve Jaundice, Arch. Int. l^Ied. 36:273 ( Au- ) 19^5 ^^penmental 

IF Jmmcrman, L. M.: Am. J. M. Sc. 174:379 (Sept.) 19^7 
/. Knk, P. L and King, C. G.: J. Lab. & Clin. Med. 11:928 (July) 1926 
8. Emerson, tV. C.: J. Lab. & Clin. Med. 14:122 (Novi 19^ 

19. Buchbindcr, W C and Kem R • tt • 

II. Modification of the ParaSvrtd Tet; Obstructive Jaundice: 

M«1.4t:754 (May) f Mechamsm in Jaundice. Arch.' Int. 

-0. Gunther, 1.,, nnd Greenber^' D Af • t 't-i, r\T- 
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^VjtIl the theory of calcium deficiency excluded, the attention of 
workers was directed toward possible changes in fibrinogen. The sus- 
picion was reasonable, for Howe,-^ Mann and Bollman,-- Foster and 

hipj^le, and otheis had shown the liA'er to be the main source and 
possibl}^ the only source of fibrinogen, and obstructive jaundice with 
subsequent damage to the liver could be expected to cause a reduction 
in the total amount of fibrinogen. On this basis. Full and McLester-^ 
concluded that the fibrinogen content of the plasma might be used as an 
index of hepatic function, but Peters and Van Slyke showed that no 
parallel exists betw^een fibrinogen and the degree of hepatic function, 
uiiless the damage to the liver is far more severe than that seen in 
obstructive jaundice. 

Foster and Whipple agreed in finding an increase in fibrinogen follow- 
ing inflammatory and destructive hepatic lesions unless the loss of liver 
substance was so great that the organ could no longer meet the demands 
of the body, when a terminal drop occurred. Studies made on the blood 
fibrinogen in various conditions shorved wide variations which were not 
entirely understood until Wiener and Wiener reported the physiologic 
limits of the concentration of fibrinogen to be extremely broad. They 
concluded that any irritation or stimulation of the liver raised the level 
for fibrinogen, and they found it high during menstruation and preg- 
nancy, following infections, exposure to roentgen ray and ingestion of 
chloroform and phosphorus, and in early cirrhosis. Gram reported 
four cases of extreme jaundice from malignant obstruction with 
extremely high fibrinogen levels. 

From a study of the literature we have found that the total fibrino- 
gen increases consistently wherever there has been damage to the tissue, 
including pregnancy, hemorrhage and infection, with a general rise in 
malignancy excepting when the liver is radically replaced by metastases. 

Moss concluded that in obstructive jaundice there was no defi- 
ciency but rather an increase in fibrinogen relative to the extent of 
damage to the liver. "With these results in hand he was forced to con- 

21. Howe, P. E.; J. Biol. Chem. 57:235 (Aug.) 1923. 

22. Mann, F. C, and Bollman, J. L.: Proc. Staff Meet., Mayo Clin. 4:328 
(Nov.) 1929. 

23. Foster, D. P., and Whipple, G. H. : Am. J. Physiol. 58:407, 1922. 

24. Full, H. : Verhandl. d. Kong. f. innere Med. 33:201, 1921. 

25. McLester, J. S. ; The Diagnostic Value of Blood Fibrin Determinations, 

J. A. M. A. 79:17 (July 1) 1922. 

26. Peters, J. T., and Van Sb^ke, D. D.: Quantitative Chemistry, Baltimore, 

Williams & Wilkins Company, 1931. nr i ifc- 

27. Wiener, H. J., and Wiener, R. E. : Plasma Proteins, Arch. Int. Meet. 

236 (Aug.) 1930. 

28. Gram, H. C: Acta med. Scandinav. 56:107, 1922. _ ^ 

29. Moss, Walter: E.xperimental Obstructive Jaundice; Its Effect on hiirm- 
QO'en and Coagulation of the Blood, Arch. Surg. 26:1 (Jan.) 1933. 
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cMe ttot hemorrhage in jaundice evas not due .0 or associated tvith 

a deficiency of fibrinogen in the plasma. , , , ,, 

Of other dotting components little can be said.^ Ihe pla c c . < 

repeatedly been sborvn to be within normal limits in these cases. le 
methods of estimation of thrombin are inaccurate, and allhougli ue 
have extracted thrombin from the clots of jaundiced subjects, there 
is no quantitative estimation worthy of the name. Howell s •'® claim 
that a variation in the amount of heparin is the probable cause of bleed- 
ing in hemophilia and jaundice is just as uncertain, as there is as yet 
no quantitative method of determination tor heparin. 

The importance of dextrose in the clotting complex has been ques- 
tioned. Partos and Svec showed that substances which increased the 
coagulabilitr- of the blood mobilized glycogen and produced hypergly- 
cemia while substances which prolonged the coagulation time caused 
hypoglycemia. 

Cannon and Gray found that epinephrine increased both the blood 
sugar and coagulability. Cowan and Wright •''? suggested that this is 
due to the influence of dextrose in raising the blood calcium. Wc have 
found that de.xtrose will favorably affect persons with jaundice wlio tend 
to bleed and that it exercises a protective effect when given preopera- 
tively. The reasons, still obscure, will be discussed later. 

Methods for the prognosis of bleeding in obstructive jaundice have 
been as unsatisfactory as a study of the reasons for bleeding. Ravdin, 
Riegel and J^Iorrison®* have agreed with Bancroft, Kugelmass and 
Stanley-Brown,^"’ that coagulation and bleeding times are of no value 
in determining a tendency to bleeding, and we have found a normal or 
even shortened coagulation time in the face of fatal hemorrhage. 


EXPERIMEXT.VL WORK 

Because of the voluminous contradictory literature and previous iso- 
lation of various phases of the subject into studies of single elements, we 
decided to approach the subject of bleeding in obstructive jaundice by 
making all possible estimations of the formed clotting elements of the 
dood on the same patients at the same time, and thus experimentally^ 

compile the evidence which had previously been accumulated from the 
literature. 


n.*: c°';,t'(TSv ms; Hoptm, 

-h. Partos, A-. and Svee, F.; Arch. f. d. ges. Phvsiok 218:209 1927 
V; Co™"”' P J. Phvsiol. 34:232 1914 

Vk Ralhn'. i' RTctJc'tdV’ ■ T '^'2. 

IWO, C.. and Morrison. J. L. : Ann. Surg. 91:801 (June) 

SI: I'd, 1*129, ' ' and Stanley-Brown, M.: Ann. Surg. 
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Fourteen patients in the surgical wards were selected for this study. They all 
lad experienced prolonged obstructive jaundice which, with two exceptions, was 
due cither to stones or to tumors. There was one case of biliary cirrhosis and 
one of arsphcnaininc i>oisoning. A few patients had superimposed infections such 
as cholecystitis and cholangeitis. Thirty-five cubic centimeters of blood was taken 
from each patient, and the coagulation time, icterus index, red cell volume, sedi- 
mentation time, fractions for total and diffusible serum calcium and values for fibrin 
and fibrinogen were determined. 

e have regarded the icterus index as the index of progression corresponding 
roughly to the severity and duration of the disease in these cases. The coagulation 
lime was determined in an S mm. tube, after the method of Lee and White.^s 
Sedimentation time was determined by placing 0.8 cc. of blood in 0.2 cc. of a 
3.S per cent solution of sodium citrate and recording the time required for the cells 
to sediment IS mm. 

The determination of fibrinogen was made after the method of Samson with 
certain modifications. The fibrinogen in citrated plasma was precipitated by the 
addition of an equal volume of saturated solution of sodium chloride, then packed 
firmly at the bottom by centrifugation for thirty minutes at 3,000 revolutions per 
minute, and read directly from calibrated markings on the wall of the tube. While 
there is some possibility of including other plasma proteins by this method, the 
fractions, according to Pickering.^s are thrown down rather independently, and for 
comparative use the method is quite satisfactory. 

The fibrin was coagulated from citrated plasma, as recommended by Gram,-® 
by the addition of dilute solutions of calcium chloride and sodium chloride, after 
which it was thoroughly dehydrated and weighed. Two cubic centimeters of plasma 
were used for each fibrin determination. 

Calcium was determined, after the manner of Gunther and Greenberg,®® by 
titration with potassium permanganate. The diffusible fraction was obtained by 
drawing it through a semipermeable collodion membrane by water suction. 

The table shows the results of these determinations on the fourteen 
patients, tabulated in order from the lowest to the highest icterus index. 


Results of Determinations of Blood Elements on Fourteen Patients 


Number 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 


Icterus 

Clotting 
Time in 

Sedimen- 
tation 
Time in 

Index 

Minutes 

Minutes 

2.0 

9.0 

S60 

15.0 

4,5 

45 

17.0 

3.5 

75 

18.6 

4.5 

240 

SO.O 

7.0 

30 

33.0 

6.0 

15 

40.0 

11.0 

40 

45.0 

II.O 

12 

60.0 

17.0 

35 

66.0 

2.5 

20 

100.0 

25.0 

28 

104.0 

9.0 

2S 

143.0 

9.0 

S60 

150.0 

9.0 

40 


Diffusible 

Total 

Fibrinogen, 
Oc, per 
see. 

Calcium 

Calcium 

Plasma 

4.600 


0.30 

9.24 

0.60 

3.022 

18.60 

0.35 

7.200 


0.30 

4.040 

^33 

0.49 

3.650 

8,32 

0.60 

6.56 

0.70 


6.73 

0.50 


6.10 

0.75 

3.810 


0.00 

2.120 

s.io 

0.75 

4.370 

8.T2 

0.55 

5.2S0 


0.15 

4.040 

8.43 

0.25 


Fibrin, 
Gm. per 
2Cc. 
pJasma 

0.0320 

0.0000 

O.OSOO 

0.0300 

0.0429 

O.0C90 

0.0730 

0.0049 

0.0700 

0.04C0 

0.1110 

0.0000 

D.mo 

0.3200 


36. Lee, R. I., and White, P. D.: Am. J. M. Sc. 145:495, 1913. 

37. Samson, K. : Med. Klin. 24:217 (Feb. 10) 1928. 

38. Pickering, J. W. : The Blood Plasma in Health and Disease, b. 

The Macmillan Company, 1928. 
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The coagulation time was normal for the majority of the patients 
although for one it was twentj-five minutes. He bled for three da)S 
fiom a paracentesis abdominis needle wound. The next highest values 
were twelve and one-half minutes in one case and eleven minutes in two 
cases. The patient with the twenty-five minute clotting tune had a 
carcinoma of the common duct with ascites. He had been jaundiced 
for six weeks and had an icterus index of 100. All of the clotting 
elements were ivithin normal limits. 

Values for diffusible calcium -were lovr throughout the group because 


of the titration method used. Values for total calcium were low except 
for the patients who were receiving calcium chloride intravenously. 

The fibrinogen level increased with the onset of jaundice. The 
patients with an index of from 50 to 100 who had been jaundiced for 
from three to six weeks had the highest values. The extremely jaun- 


diced patients with indexes above 100 had values back to normal or 
below. Relative to this, Schmidt and Brakefield found that bile pig- 
ments and acids are excreted in the urine of dogs in maximum amounts 
approximately two weeks after ligation of the common duct and that 
from then on the amounts gradually diminish. They attribute this to 
a decrease in synthesis. Snell, Greene and Rowntree also found an 
increase of bile acids in the blood to a certain point, then a gradual 
decrease. 

The fibrinogen, especially in the jaundiced patients revealing high 
values, appeared as a more finely divided precipitate than that in normal 
blood as though the small particles did not adhere to each other. The 
values for fibrin varied somewhat but did not show a characteristic 
change in amount. We did notice, however, that in the cases of deep 
jaundice the fibrin clots did not retract. They were large, contained 
a great deal of fluid and were deeply stained. They were less elastic 
and more easily torn apart than those from normal blood. 


.■\XIM.\L EXPERIMEXTATIOX 

M'inic dicsc observations on patients substantially corroborated the 
general opnuon in the literature, we felt that results would be far more 
conclusive if they were checked against similar determinations made 
on carefully controlled laboratory animals. 

Doss were chosen for this purpose as they do well on the average human diet 


Sr’imidt. C. L. A., and Brakefield. C. L.: J. Biot. Chem. 


67:523 (Feb.) 
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acme taking daily ex-crcise in the open air pens and sleeping in cages In steam- 
caltd rooms at niglit. They lost weight gradually until about the beginning of 



Fig. 1. — Changes In the icterus index in five dogs following ligation of all the 
excretory bile ducts (composite curve). 


the third month, when the loss in weight was accelerated. They again became 
lethargic and ate little or nothing. Two of the five dogs died of spontaneous 
hemorrhage into the bowel. One had bleeding into the peritoneal cavity from the 
liver in the region of the gallbladder. His coagulation time was four and one-half 
minutes on the day before death. The remaining two apparently died of biliarj' 
cirrhosis, characterized by the typical liver, ascites and collateral circulation. Blood 
was taken from these animals before operation, and determinations were made of 
the icterus index, coagulation time, sedimentation time, fibrinogen, fibrin, red cel! 
volume, diffusible calcium and total calcium in the manner heretofore described. 
After operation these observations were made at regular weekly intervals until 
death (fig. 1). The curves published here are composite averages of the entire 
group. They coincide with the individual graphs, which are omitted to save space. 
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The icterus indexes increased rapidly after operation until about 
the seventh tveek. when they either became statrouary or decreased 
sli-htlv Terminally thev showed a tendency to decrease rapid!}. T re 
stationary period m;y represent a phase 

of maximum storage of bile. If a recirculation of bile pigrnent existed, 
it is possible that the added synthetic burden placed on the reticulo- 
endothelial system reached a peak at this time. The final drop occurre 
for no valid reason, except perhaps a marked terminal decrease m 


the food intake of the animals. 

Hematocrit readings showed an initial drop, presumably from the 
blood lost at operation, but possibly the change m osmotic pressure of 
the plasma decreases the individual cell volume (fig. 2). They then 
remained constant until a final drop occurred from hemorrhage just 



I'ig- 2.— Hematocrit readings in five dogs iollcwing ligation of the common bile 
dvict. 


before death. Tlie animals became dehydrated in the terminal stages, 
and these constant figures must indicate a loss of red cells, although 
aeetiraie studies of the lilood will have to be reported later. 

'Ihe coagulation time was not increased beyond normal in any case, 
but there was a rather constant and significant shortening shortly before 
death (fig. .1). This terminal change was particularly significant, as 
will he shown later. 

i lie fibrin revealed no characteristic change in weight, as shown hv 
d>e curve in figure 4. In the last third of the experimental period 
the masse.s nt fihnn were much larger, although thev weighed no mor« 
an.-r drying, ilus lailurc of retraction was constant whether the clots 
• lie uned or left in the serum where thev formed 

r ■» 

.. r.-.,., mentation as tv.as found in the group of 

u -m'd vl T'ffl ■" “ -I™? •» slightlv belotv 

• • *irt t..c fibrinogen remained constant (fig. 5 ^). 
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Each specinieii of fibrinogen was examined for elasticity and cohesive 
power by teasing it out on filter paper with glass rods. In the beginning 
it was an elastic ruhhery mass wJiich stretched into thin strands on 
being torn apart. As time elapsed after the operation, the fibrinogen 
was observed to sediment much more slowly in the tube; the particles 
appealed smallei, and after centrifugation there was no elasticity to 
the mass ; it flattened out on filter paper from its own weight and was 



Fig. 3 . — Changes in coagulation time in dogs in series 1 (composite curve). 
The excretory bile ducts were ligated. 



Fig. 4. — Determinations of blood fibrin on five dogs in series 1 with obstructive 
jaundice (composite curve). 

easily torn apart. This change in the consistency of fibrinogen closely 
followed the nontractility and changes in consistency of the formed 
fibrin mesh previousl}'' described. 

Sedimentation time showed an initial rapid drop as low as twelve 
minutes, then a gradual recovery to about three fourths of the normal 
time and then a final drop before death (fig. 5 B). The curves in igure 
5 were obtained by plotting sedimentation time against elapse tim 
This corresponds to the curve obtained for the group of patients am 
varies inversely with the amount of fibrinogen. 
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1 A calcium remained fairly constant 

:^u?:S-Vrstro.her .nte. and on. onn «p.n- 

trrhtiranS^^^^^^^^ ol “agniation tinte short. 



A 



Fig. 5. — A, changes in blood fibrinogen in animals ot series 1 following ligation 
of the excretory bile ducts (composite curve) ; B, changes in sedimentation time 
in five dogo after ligation of the excretory bile ducts (composite curve). Note 
th.e striking inverse proportion of the curve in A as compared to B. 

Fetorc death ami the iinpertcct precipitation of an altered fibrinogen 
in the pla^tna oi these bloods. ^Yith these facts it becomes apparent 
d’. it the error in clotting is due to an additional product which inhibits 
d'.i Vtfs'es^ nr interferes with the clotting mechanism rather than to an 
ni'niiicient anroum of any of the elements contributing to the normal 
CfV.'.ne eomjilex. 

V that dop that have undergone hepatectomv die 

np-l-nycenv.a. Ih.at this is not the only factor in their death, 
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however, is indicated by the behavior of such animals when given large 
quantities of dextrose. Instead of dying in the usual time, they manifest 
a second S 3 'ndrome closely similar to that of the late stages of obstructive 
jaundice with jaundice, convulsions, hemorrhage and coma, presumably 
due to the accumulation in the plasma of split protein products which 
the liver would normally remove. As cysteine and other mercaptans 
are excreted by carnivores as taurine in the bile, as well as broken to 
urea in the liver and converted by the liver to dextrose in small amounts, 
it was felt that taurine, cj^steine and related products are the protein 
products which most probably back up in the blood and collect in suffi- 
cient concentration in the circulating plasma to cause changes in the 



Fig. 6. — Total serum calcium and diffusible calcium in dogs in series 1. 

clotting mechanism. Cysteine, glutathione and polyanethylthione have 
been reported as inhibiting the clotting of blood. Denole and Remert 
have produced multiple hemorrhages in rabbits by the intravenous injec- 
tion of polyanethylthione. Mueller and Sturgis ha^'e observed that 
cysteine is an anticoagulant. They placed 0.1 Gm. each of C 3 'steine 
and of alanine — which is identical except for the mercaptan (- SI ) 
radical — in 1 cc. of blood. The blood containing alanine coagulated in 
ten minutes or less (normal), while that containing C 3 'Steine did not clot 

in twenty-four hours. _ _ . ^ 

We repeated the experiment, using graduated higher dilutions of C 3 J- 
teine up to one containing 0.001 Gm. When present in amounts su cien y 

40. Denole, V., and Remert, M.; Arch. f. exper. Path. u. Pharmakol. 158.211, 
Mueller, J. H., and Sturgis, S.: Science 75:140 (Jan. 29) 1932. 
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minute to allow clots to form, cysteine shortens the coagulation time 
Tnd changes the normal clot to a dark, friable, nonretractde mass closely 
resembling the clot formed by the blood of jaundiced 
they die of spontaneous hemorrhage. Calcium added to the plasma 
both in vitro and circulating, temporarily prevents this while c} stei 
added to precipitated fibrinogen causes it to swell, forming globoid 
particles which float. Figure 7 shows the increasing retractile power 
of the clot as the concentration of cysteine is decreased, the figures 
under the tubes representing volumes of 10 per cent solution of cysteine 

hydrochloride. , ■ • 

These facts suggest that cysteine influences blood clotting, affecting 

both the speed of clot formation and the consistency of the product. 

It has been shoivn that cystine injected into the peripheral circula- 
tion can be recovered from other veins shortly afterward in small 



Fig. 7. — Changes in the size of the clot with graduated dilutions of cysteine, 
lube contains 1 cc. of blood. The clot on the left is the largest. It forms 
ahiiosi instantly and is so friable as to flow on tilting the tube. The clot on the 
extreme right is the most retractile, therefore the smallest, and forms in approxi- 
niately four minutes. However, it is definitely more friable and forms more rapidly 
tl'an in unadulterated blood, even though such a minute quantity as 0.001 Gm. of 
cj.'tcinc has been added. The addition of 1 cc. of 2 per cent solution of calcium 
ch'.ondc to each tulx; prevents these phenomena. fVhen the same dilution of cysteine 
■.<- prwluccd in vivo (calculating blood volume from body weight) in a normal 
.a'.iimal. Wood withdrawn within ten minutes exhibits a decreased coagulation time 
and a triable clot. 


but it it is placed in the mesenteric vein none can be recovered, 
tbe liver apparently removing it from circulation by a reduction of 
Lt^ut'.c to cysteine, then through several intermediate compounds such 
'sUtatWe (with one molecule of glutamic acid) and polyanethyl- 
• vouv. 1 nat this IS not a simple reaction in the plasma but rather 
■... o.gatuc utncuon ot the liver is evident because cysteine added to 
■ - ut the test tube may he recovered many hours afterward, 
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TJic normal syntliesis of taurine, which is excreted in large amounts 
b}'’ cauiivores and man, is thought to start with cysteine. Sulphur, 
sulphates and^ thiosulphates have no appreciable effect either on the’ 
speed of clotting or on the type of clot formed, the mercaptan radical 
apparently being the essential influence. 

In animals with acute necrosis of the liver after poisoning with 
caibon tetiachloride the neutral sulphur fraction (which included the 
mcrcaptans) of the urine increases. Cystine, tyrosine and leucine are 
excieted in the urine. Guanidine, with this specific necrosis, is one of 
the split protein products which apparently collects in excess in the 
circulation. While it inhibits clotting it does not cause the formation 
of a poor clot with nonretraction in small amounts, as does cysteine. 

If the metabolism and excretion of proteins containing this radical 
are functions of the liver, the intermediate products, including the 
mercaptans, must also accumulate in the circulation when excretion 
through the liver is obstructed by common duct block. From their effects 
on coagulation in vitro it seems reasonable that they would exercise a 
similar effect when collected in excessive amounts in the circulating 
plasma. 

Normal animals when given larger doses of cysteine hydrochloride 
intravenousl}'' show the same changes in clotting as those with a long- 
standing biliary obstruction. The clotting time diminishes, and the 
fibrin mass is spongy and friable and does not retract. 

The food source of these products is chiefly meat, and dogs and 
other carnivores excrete large amounts of taurine in the bile. Human 
bile contains taurine in moderate amounts, while the excretion from the 
liver of rabbits, sheep and herbivores generally contains little of this 
or allied substances. 

With the postoperative behavior of dogs with common duct block 
under normal conditions tentatively established by the group of six 
animals described, a second group of four was selected, and the common 
ducts were ligated. To establish the optimum dietary conditions for 
the production of mercaptan and cysteine, these animals were put on 
a diet consisting solely of animal protein. The average postoperative 
survival period of the group was five and a half weeks as compared 
with thirteen weeks in the group receiving a balanced ration. All of 
the animals bled badly during the terminal stages of life, the large 
bowel of each being filled with blood at autopsy. A control animal 
thrived during this time on the same diet and under the same conditions. 
Samples of venous blood were taken each week, being collectec in 
sodium citrate under liquid petrolatum which contained no sulpiiur. Jn 
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each of these the Fleming-- test for cysteine became 
iaundice had developed and was more strongly positive as the illness 
progressed, although after the middle of the period the icterus index 
dccfined. The Fleming test was not well suited to plasma, howe%er, 

Id after an inter^^al of use Grote’s« method was substituted and 
found more applicable. The end-results remained the same. The Grote 
test was accomplished by withdrawing 1 cc. of plasma from beneadi the 
oil, placing it in a test tube with an excess of powdered sodium bicar- 
bonate and immediately layering 1 cc. of the reagent on it. After fifteen 
minutes a thin band of violet appears at the junction of the fluids and 
immediately below a band of green. These bands exhibit a maximum 
intensity after about one hour, then gradually fade and disappear 
entirely in twenty-four hours. We divided the results into four groups, 
negative, 1 -h, 2-4- and 3 -f , depending on the intensity and on the 
width of the bands. Normal plasma, as \vell as plasma to which small 
quantities of bile has been added, produces a negative reaction. In 
from a week to ten days after ligation of the common duct, the plasma 
of a dog on a meat diet becomes 1 In approximately three weeks it 
is 2 -f, and when the tendency to bleeding is fully developed it is 
usually 3 -f-. 

While experimentally applying other color tests, we tried therapeutic 
measures to establish cysteine as an anticoagulant in obstructive jatm- 
dice. Clinically, calcium has proved of some value, as it apparently 
improves the consistency of the clot and has been reported to raise the 
blood sugar. The intravenous administration of large quantities of dex- 
trose has also been used with some success, and is reported to have 
raised the blood calcium. This mechanism is not fully understood, but 
it is known that cysteine may be partially changed to dextrose with the 
elimination of sulphates and svdphites. Calcium may influence this 
reaction. Sodium phmibite will convert cysteine to disulphides, hut its 
use is obviously dangerous. Magnesium oxide also breaks the cysteine 
molecule, causing the formation of an insoluble salt. Ultraviolet rays 
have been thought to influence cysteine catabolism. We finally selected 
inoimbrombcuzcnc as the most useful substance, as it is relatively non- 
tnxic. can be given cither orally or intramuscularly, and combines with 
‘>'-temc to form only mildly toxic bromphenylmercapturic acid and 
rtbercvl sulphates which arc excreted by the kidneys and which may 
i'v iMilated irom the urine (fig. 8). 

^ AlKlcrhaldcn and Wertheimer - have found that animals given brom- 
ex crete moderate amounts of bromphenylmercapturic add 


‘ J. 24:965. 1930. 

^ -k k'f.l O'.cm. 93:25, 1931. 

•.'> a ;V, 1-.., tVerthdmer. E.: Ztsdir. 


f. pbysiol. Chem. 201:267, 
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when on a puie meat diet, a little of this acid when starved, and prac- 
tically none when given carbohydrates. Bromphenylmercapturic acid 
appears in the urine as bundles of needle-like crystals, and the number 
isolated is a partial index of the relative amounts of cysteine and brom- 
benzene in the circulating blood. The remaining fraction, however, is 
eliminated as ethereal sulphates, and even with known amounts of both 
c}-steine and brombenzene injected the excretion may be by ethereal 
sulphates, bromphenylmercapturic acid or both. These crystals, then, 
do not represent a quantitative test, but only indicate the presence of 
mercaptan bodies. 



Fig. 8. — Crystals of bromphenylmercapturic acid from the urine of a jaundiced 
animal. 

In the hope of eliminating cysteine from jaundiced dogs with this 
drug, a third group of four dogs was selected; their common ducts were 
tied as before, and they were placed on a protein diet (hg. 9). Shortly 
after jaundice appeared they were given 0.1 cc. of brombenzene per 
kilogram each day b)'’ mouth. The same clinical picture developed 
as in the other dogs on protein feeding, but after from seven to ten 
days they were much more active and playful. Their postoperative 
course was protracted, being practically double that of dogs fed protein 
without brombenzene. They showed no signs of bleeding but died o 
emaciation, inanition and a moderate degree of hepatic cirriiosis. / t 
autopsy a small amount of blood was found in the terminal bowe o 
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two animals. One animal m tins in better con- 

irradiation for an hour eac } • experiment, but lived longer 

.ition ten «,e oter --als teougl^ntte 

than any m the group. filtered, redissolvcd in acid, passed 

allowed tested ten days, atelmtz A ^ 

through ammal tercoal taken p brontphenylnrercapturic 

:■: rrs“udtte t te stages ot iaundice when h_ 
line was given, hut they did not appear late nr the d, sense. IVe 



Fij;. 9. — Longevity chart of jaundiced dogs. The white areas represent a bal- 
anced diet . the Mack, a meat diet ; the oblique lines, a meat diet plus 0.1 cc. of 
brninbciucnc daily per kilogram of body weight; the squares, a meat diet plus 0.4 cc. 
ot brombcnzciie daily per kilogram of body weight. The primary causes of death 
ucrc as follow.s ; A, cirriiosis; B, hemorrhage; C, undetermined; D, general 
edema and slight bleeding; E, volvulus; F, cirrhosis and slight bleeding; G, brom- 
benztne poisoning. Charting H to K represents the average duration of life in 
jaundiced dogs- //, those on a mi.xed diet; 7, those on a meat diet; 7, those on a 
meat diet plus 1 cc. of hrombenzene daily per kilogram of body weight; K, those 
<'•1 a meat diet phis 0.4 cc. of brombenzene daily per kilogram of body weight. 


ourilntu-rl this ti, Utc (act that the synthesis of bromphenylmercapturic 
: n>!. :i tuuctioti of the liver, was inhibited by blockage of "bile, and that 
tr'.e tf,terute<h;ue ethereal sitlphatcs only were synthesized. 
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Ihe Grote test was positive in each animal but did not reach the 
intensity shown in tlie untreated dogs. The maximum intensity corre- 
sponded to 1 -{- or 2 -f-. 

Figuie 10 shows an animal at the end of three months after ligation 
of the duct. During this time he had been given a meat diet with 
0.1 cc. of brombenzene per kilogram of body weight. He showed ema- 
ciation from extreme toxicity but no tendency to bleed. 

While brombenzene in large doses produces the same toxic lesions as 
othei benzene compounds, the doses used here have caused no apparent 
histopathologic changes or physiochemical reactions other than those 
mentioned. Complete studies of the changes in the tissue and in the 
blood in obstructive jaundice, cysteine intoxication and brombenzene 
poisoning will be reported later. 



Fig. 10. — Dog at the end of three months after ligation of the duct during 
which time he had received a meat diet with 0.1 cc. of brombenzene per kilogram 
of body weight. 


COMMENT 

With the experience of other investigators and the results of our 
own work before use, it seems that the hemorrhage which follows pro- 
longed obstructive jaundice is not due to quantitative deficiency in the 
measurable formed clotting elements of the blood, but rather to an 
addition of some inhibiting substance which changes the quality of the 
fibrinogen, fibrin and whole clot. This substance does not, as wa.s 
popularly supposed, always prolong the coagulation time, for we have 
found consistently normal or short coagulation time in practically a 1 
of the hospitalized patients and experimental animals. Furthermoie. 
the hemorrhage in these subjects is not a massive and sudden exsan- 
guination, but rather a slow consistent oozing which over a period o 
hours results in serious loss of blood. This slow type of blecc in.., 
most commonly observed in experimental animals in whom sma 
amounts of blood start to ooze into the gastro-intestinal tract throng 
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the mucosa for sometimes from eight to ten days before fatal hemor- 
rhage occurs. This is also occasionally seen m hospitalized patients, 
hut'of course iir them bleeding occurs more often folloiving operations 
on the extrahepatic biliarji system. The bleeding in these types, hmv- 


on the extrahepatic Diiiary sysiciu. . 

ever, is similar and is a slow oozing type of exsanginnation rather than 
an acute hemorrhage. The influence of operation in inducing this bleed- 
ing is apparently important, for patients and experimental animals that 
would not have bled otherwise bleed when channels of the circulatory 
system are artificially opened. The effects of damage to the tissues 
during operation and of anesthesia on this bleeding are apparently also 
contributory. \Miether these effects are due to an introduction of added 
intermediate products of protein metabolism into the circulating plasma 
because of inhibited hepatic excretion, or to a reduction of the efficiency 
of hepatic metabolism, we are not prepared to say, but it is probable that 
both occur. 

The mechanism of bleeding, as we have observed it, both in vitro 
with the addition of cysteine to normal blood and in ^dvo by injecting 
cysteine into normal animals and by inducing a collection of metabolites 
by ligation of the common duct, is one of seepage through an inefficient 
clot. As previously stated, the blood clots as rapidly or more rapidly 
than normal. The clot which is formed, however, is influenced by the 
collected intermediate products of protein metabolism, and, instead of 
forming a strong type of occluding mesh wdiich retracts and efficiently 
prevents the escape of blood, a porous, nonretractile, friable gel of 
poor consistency is precipitated rvhich is not capable of obstructing the 
flow of blood and through which both cells and plasma pass slowly. This 
is most evident after the initial retraction of very small vessels has 
relaxed. Cysteine and the related forms of mercaptan have this ability 
to influence the plasma and clotting elements, and that they do collect 
m excessive amounts in obstructive jaundice may be adequately demon- 
strated by colorimetric reactions. This theory is further strengthened 
by the behavior of subjects with such obstructions when brombenzene 
medication is used, and its effect in improving the clotting mechanism is 
mtereslmg and definite. It is evident, however, that the animals fed 
suitable amounts of brombenzene are not protected to any extent from 

'thlcT 'T"”? of 

IS due to the fact that they do not bleed. 

quite important, is the fact that protein diets are apnarentlv 

conncctio,. ,vi.h a oi operative cTse"; at^Tate dlt' 
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COXCf-USfOiVS 

1 . J here is no im[)ortanl. ((tiantilativc cliang-e in the formed clotting 
elements in obstructive jatiiulice, but the quality of fibrinogen and fibrin 
is definitely altered. 

2. 'J’he contention that sedimentation time is an index to clotting: 
power is not substantiated. 

3. 'i'he sedimentation time appears to vary inversel}’ as the amount 
of fibrinogen. 

4. The clotting time is normal or shortened, with few excei^tions, 
and is not a reliable index to clotting ])ower. 

5. d'hc clot formed is large, friable and nonretractile. 

6. The cause of this clotting deficiency is the accumulation of incom- 
pletely metabolized products of proteins in the blood. 

7. These jiroducts are sulphur-containing compounds, probably cys- 
teine and its related mercaptans. 

S. The use of broinbenzcne effectively reduces the amount of circu- 
lating cysteine and definitely reduces the bleeding tendency in experi- 
mental animals. 



atlanto-epistropheal subluxations 
J,[ALCOL l\I B. COUTTS, 

NEW YORK 


Subluxations of the cervical vertebrae were first described in this 
country in 1889 by Walton,^ who devised the method of manipulative 
reduction that bears his name. In 1907 Corner ^ reported twenty cases 
of atlanto-epistropheal subluxations and dislocations, all of traumatic 
origin, and gave what is probably the best account of the mechanism 
of their production. The first report of a case of distention subluxa- 
tion, i. e., subluxation probablj' due to effusion in the joints concerned, 
was made by Jacobs® in 1916. In 1932 Watson Jones* reviewed four- 
teen cases from the literature and reported two personal cases. The 
present paper is based on a consideration of twenty cases of distention 
subluxation and ten cases of related conditions observed from 1923 to 
1933 at the New York Orthopaedic Dispensary and Plospital. 


AXATOMIC COXSIDERATIOXS 

The atlas and epistropheus articulate through four joints ; the 
atlantodental joint between the anterior atlantal arch and the dens 
epistrophei; the transversodental joint between the transverse ligament 
and the dens, and the two joints between the lateral masses.® Often the 
synoi’ial cavities of all four joints communicate with each other and 
with the atlanto-occipital articulations. When this monocele type of 
synovial cavity is present inflammatory processes or effusions in one 
joint have free access to the other joints. 

3 he joints drain into the retropharyngeal glands, into which the 
nasopharynx also drains. The efferent vessels of these glands drain 
into the deep cervical chain, as do the tonsil, the middle ear, the teeth 
and the nose. .\ pathway to the joints is thus suggested from foci about 
tile head and neck. The second cervical nerve runs for a portion of 
Us course in the capsule of the atlanto-epistropheal joint, which offers 
a probable explanation of occipital neuralgia in many cases in which 
this joint is affected. 


' I'dlow .,f iht New York Orthopaedic Dispensary and Hospital, 
i- W.-iliciii. G. 1..; Boston M. S: S. T. 120:277 1889 

Or. loy., d’anatomie huniaine, Paris, ^.lasson i 
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llic opposed articulating surfaces of the lateral masses are both 
convex. hen deniulcd of cartilage the inferior facets of the atlas are 
sliglidy concave. Jn vivo, however, this concavity becomes a convexity 
by virtue of the greater thickness of the cartilage in the middle (1.5 
nun.) as coinj^ared with that in the periphery (0.5 mm.). A similar 
distribution of the cartilage increases the convexity of the superior 
aiticular surfaces of the c])istrophcus. Hence, wlien the articulation is 
examined from its lateral aspect it resembles the end-views of the hulls 
of two boats placed keel to keel. The anterior and posterior spaces, 
w lici c the sui faces of the two joints do not come into contact, are occu- 
pied by a fringe of synovial membrane. When the atlas is fully rotated 
on the epistropheus, and only the peripheral part of the articular car- 
tilages arc in contact, the cervical portion of the spine loses from 2 to 
3 inin. in height. This arrangement allows a shorter capsule to serve 




Fig. 1. — A, lateral view of the atlas and epistropheus; B, lateral view looking 
directly into the atlanto-epistropheal joint; C, same as B, with the epistropheus 
rotated ; D, superior view of the atlas and dens ; E, superior view of the atlas and 
epistropheus rvith rotation of the epistropheus. The contiguous surfaces of the 
joints are represented. The drawings are diagrammatic: AV, vertebral artery; 
NCII, second cervical nerve; DE, dens; LT, transverse ligament; MS, synovial 
membrane; CA, articular cartilage; MLE, lateral mass of the epistropheus; LA, 
alar ligament ; FA AS, superior articular surface of the atlas ; FAAI, inferior 
articular surface of the atlas ; FAES, superior articular surface of the epistropheus. 

the joint. The s 3 movial fringes in the joint, when inflamed or adherent, 
may conceivably be an obstacle to the reduction of a subluxation or to 
free motion in an unluxated joint. Possibly these fringes are responsi 
ble for the nuchal crepitus elicited on rotation in most cases of rheuma- 
toid arthritis. _ • • 

The anterior atlantal arch is maintained in close apposition to the 

dens in all positions by a strong, thick, fibrous band, the transverse 
ligament, u^hich passes between two tubercles prominently situated m 
the middle of the internal aspect of each atlantal lateral mass. The tota 
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tilt aiitl ncxion, aionj,^ with^ rotation, deformities. Rotation deformity 
rqjfwctits fixation in a position possible to a normal neck. 

Suhhixalion inij)lies relaxation or stretching of the transverse liga- 
jnont aiul the slipping forward of the atlas on the epistropheus. Between 
these veitchiae is nonnallj'- 10 degrees of flexion extension mobilit}', 
accomplished b}’ a rocking motion of the convex surfaces of the joints 
on each other. 'I’he transverse ligament prevents any forward gliding 
of the atlas. \Yith relaxation of the ligament, however, one or both of 



Fig. 2 . — unilateral subluxation of the atlas; B, bilateral subluxation of the 
atlas; C, lateral view of the atlas and epistropheus showing subluxation of the 
atlas with flexion. Tlie drawings are diagrammatic. 



Fig. 3. — Diagrams of the cervical vertebrae viewed posteriorly in a normal 
rotation to the right and in right rotation deformity. In the latter the head and 
atlas are brought to the midline through a rotation of the cervical vertebrae to 
the left from the second segment downward. 

the atlantal lateral masses may slip forward on the epistropheus. Flex 
ion of the atlas on the epistropheus usually accompanies this subluxa 
tion. If the subluxation is unilateral or predominantly on one side 

rotation deformity is also present. _ , 

Complete dislocation of one or both atlantal lateral masses is impos 
sible without dangerous narrowing of the neural canal, unless t lere is 
associated fracture of the dens. An examination of an articulated a a 
and epistropheus reveals that in order for dislocation to occur w 
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both the dens and the transverse ligament are intact, 65 degrees ol rota- 
tion is necessary. In the adult the neural canal is thereby narrowed to 
a diameter of 7 mm. If the transverse ligament is relaxed sufficiently 
to allow a forward subluxation of 5 mm., a complete dislocation of one 
lateral mass can take place with 45 degrees of rotation, the neural canal 
being thereby narrowed to a diameter of 12 mm. All the obserred for- 
ward subluxations of more than 5 inin. were bilateral. With an intact 
dens a complete bilateral forward dislocation obliterates the neural canal 
altogether. 

Posterior subluxation of the atlas as a whole is manifestly impos- 
sible without fracture of the dens or of the anterior arch of the atlas. 
If the transverse ligament is not relaxed any rotation forward on one 
side results in a corresponding rotation posteriorly on the other. 

W'hen the head becomes fixed in a position of rotation through the 
atlanto-epistropheal joint, with or without subluxation forward, the 
subject attempts to bring the head to a position of “eyes front” b\^ 
rotating through the lower cervical joints in a direction opposite to the 
rotation deformity. Each of the vertebrae can rotate about 8 degrees 
to either side. The compensatory rotation occurs from the second 
cervical vertebra down, that is. the second presents the maximum 
rotary deviation, the lower vertebrae successively approaching the 
neutral position. The spines of the cervical vertebrae thus rotated 
deviate to the side of the midline toward which the head is turned, which 
IS the reverse of what occurs vvhen the head is turned on a normal neck 
(fig. 3). 

A similar mechanism produces lordosis of the lower cervical spine 
to compensate for the flexion component of the deformity when that is 
marked. 


ROEXTGEXOGRAPHIC OBSERYATIOXS 


The lateral and anteroposterior views referred to in this section 
5^'gmfy roentgenograms centered on the atlas, using the following 
technic : a lateral view centered just below a line through the tips of the 
mastoid processes, and an anteroposterior view taken through the wide- 
'’Peu mouth centered along a line connecting the upper teeth and the 
''Ccipital protuberance. 


f-mcra/ rhtyc-.— 1. Increased Anterior Atlantodental Inten^al: This 
an,'l of fonvard subluxation of the atlas, and its extent 

mid ""Poytant in judging the progress of the condition 

fin. 1 a prognosis. Forward displacement is gaged by the dis 


. “• ^mcirnig oi Soft Tissue: 
cc .aiiicrior to the first two 


The depth of the shadow of the soft 
cervical vertebrae should normally be 
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equal to that of the .shadow of the .soft tissue anterior to the other cer- 
vical bodies. Thickening of this shadow in suhluxated or deformed 
cervical vertchrac indicates active intlainmation and suggests the need 
of functional rest for the neck. 

3. I'lexion of the First on the Second Cervical Vertebra: The 
line joining the inferior borders of the anterior and posterior arches of 
the atlas and the line joining the inferior borders of the articular 
processes of the cpistrojjheus with the inferior border of its spinous 
process should be parallel or converge posteriorly when the head is in 
the neutral position. \\h'th the head flexed these lines may normally 



Fig. 4. — Lateral view of the atlantal region in a case of sublu.vation. Flexion 
of the atlhs is not present. The anteroposterior view taken at the same time 
showed no overlapping. Note the increased anterior atlantodental interval, the 
shadow of the soft tissue anterior to the vertebral bodies, the rotation of the second 
and third cervical vertebrae and the slight lordosis. 


converge anteriorly at an angle as great as 10 degrees. In cases of 
subluxation and rotary deformity of the first on the second cervical 
vertebra the atlas is usually somewhat flexed on the epistropheus. In 
only two cases in this study was hyperextension present. If a true 
lateral view of the atlas is not obtained it is difficult to determine the 
degree of flexion. 

4. Compensatory Lordosis of the Lower Cervical Vertebrae: This 
sign is present when the flexion of the first on the second cervica vert 
bra is marked, usually in cases of severe bilateral forward su uxa 
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5. Failure of the Two Halves of the Posterior Arch of the Atlas 
to be Superimposed; In a true lateral view the two sides of the poste- 
rior arch are superimposed. Since there is lateral tilt deformity m 
cases of unilateral forward subluxation, and often in simple rotation 
deformity, lateral roentgenograms taken at right angles to the neck 
rather than to the atlas will show both sides of the posterior arch. 

6. Evidence of Rotation of the Cer^ncal Vertebrae from the Second . 
Vertebra Downward; This is seen in the presence of rotation deformity 
between the atlas and epistropheus. The joint spaces of the lateral 
articulations of the two sides are no longer superimposed, but their 
shadows are projected, one anterior to the other. 


\y 



kig- 5.~.-\nteroposterior roentgenogram of the atlantal region. Note; the 
eviation oi the chin and the spine of the epistropheus to the same side of 
the nudUnc; overlapping on the side of the forward movement of the atlas; the 
•'Pparem lateral displacement of the atlas. That the displacement is only apparent 
15 evidenced by the symmetry of the atlantal lateral masses about the dens. 


/. Dimtntshed Anteroposterior Diameter of the Atlantal Vertebral 
horamen: George and Leonard « in their work on roentgenography of 
t le spine stress the importance of diminished width of the atlantal 
UTtchral loramen in a diagnosis of forward subluxation of the atlas 
ns sign ,s open to much misinterpretation, since rotation of any part 

..5^,. 1.V T. C=.c. K„v Vo*. P,oi B.' Hoobo" loc, 
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yJiifrro/yosfmor rir7L>.~l. l.atcral Deviation of tiie Epistroplieal 
^pinc; J his js the most important sign to be looked for in the antero- 
posterior view. 1 he shadow of the spine has the form of an inverted V 
and IS readily identified. Wiicn normal cervical vertebrae in a position 
of rotation are roentgenograplicd in the sagittal plane of the head, the 
shadows of the spines of the vertebrae are successively farther from 
the inidline. Jf. however, there is rotation deformity of the head, with 
01 without f 01 w <11 d subluxation, the spine of the second cervical verte- 
bra is found on the same side of the midline as the direction of rotation, 
while the spines of the lower cervical A'^ertebrae are successively nearer 
the midlinc. The reason for this deviation to the side toward Avhich the 
head is turned has been previously referred to; The lower cervical 
vertebrae, in an attempt to enable the patient to look straight ahead, 
rotate in a direction opposite to that of the rotation deformity. The 
amount of rotation present between the atlas and epistropheus can be 
estimated. If the spine of the second cervical vertebra is in line with 
the lateral margin of the dens the amount of rotation is 15 degrees; if 
with the transverse process of the atlas, 50 degrees. 

2. Overlapping of the Shadow of the Lateral Masses of the First 
and Second Cervical Vertebrae on One or Both Sides: As indicated in 


the mechanism of subluxation, this sign is rarely due to the complete 
dowmvard and forward dislocation of one lateral mass of the atlas on 
the epistropheus. Bilateral overlapping is often seen, but a bilateral 
dislocation -with an intact dens is incompatible Avith life. The tAvo 
factors that produce the appearance of OA^erlapping are flexion of the 
atlas on the epistropheus and a forAvard or backAA-ard position of one or 
both lateral masses of the atlas, due either to rotation or to subluxation 
forAvard. Both of these factors Avere present in every case in this series 
shoAAUng overlapping in the anteroposterior view. An appearance of 
overlapping can be obtained if a roentgenogram is taken Avith the head 
flexed and rotated. This AA^as true of my neck, and an appearance of 
OA'^erlapping of the lateral masses on one side Avas obtained. Further- 
more, three cases in this series Avithout forward displacement of the 
atlas shoAA'^ed OA'^erlapping. On the other hand, three cases shoAving 
focAvard displacement of the atlas did not present OA^erlapping. In 
several other cases the OA^erlapping originally present Avas absent in 
subsequent roentgenograms Avhile the forward displacement remained. 

In two cases in this series the anteroposterior roentgenogram repre- 
sented the lateral mass of the atlas Avhich Avas rotated posteriorly as 
overlapping the corresponding lateral mass of the epistrophevis , e. g.. in 
two roentgenograms of one patient taken on the same morning, Avith no 
change in the deformity, oA^erlapping Avas present on one side onl} m 
each roentgenogram, but on opposite sides. This fact suggests t lat t ie 
side on Avhich the oA^erlapping appears depends on the variation m the 
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direction of the projection of the rays through the spaces of the joints. 
When the roentgen rays are projected from a point inferior to that 
employed in the usual technic it is on the posteriori}- rotated side that 
overlapping is seen. 

To sum up, overlapping is an appearance occurring with flexion and 
rotation of the first on the second cervical vertebra. It is not pathogno- 
monic of subluxation or of the side on which the forward movement has 
taken place. 

3. Lateral Displacement of the Atlas : This sign is subject to manv 
errors of interpretation. The first cervical vertebra has a normal 
lateral mobility on the second as great as that seen in roentgenograms 
of most subluxations. ^Moreover, whenever rotation is present the 
second cervical vertebra is foreshortened in the anteroposterior view, 
ghing the appearance of lateral displacement to one or both sides. In 
order to give significance to this appearance of lateral displacement the 
lead must be held erect on the spine and both lateral masses must be 
isp aced laterall}’^ with respect to the dens. Under these conditions a 
uni ateral displacement represents a pathologic fixation in a position 
lutnn tie normal range of motion. A bilateral displacement of the 
atlantal lateral masses in opposite directions, however, indicates the 
racture of one of the arches of the atlas. 

emphasized by Joues,* 

of si,, T "■ Petl'ognomorac simi 

atiantodental interval m the lateral view of the atlas. 


ETIOLOGY 

lies 'lSl'i' anti rotation deformi- 

(^) trlrl"' ‘mnsverse ligament, ttventv 

Di, , 1 resulting from poliomyelitis, one. 

'«« "irn;;'’'"™'''"'"-'"'’' distribution in this group mas- 

-"20 if -rei beuf en 

wrs. 0 , 20 years and over, three. 

»'■ “"d'rnourished and sickly. Eleven 

'''■arnnderobseriioV i r V “ 

had inflammator^ ’ Patients, eight of whom had rheuma- 

onset of svmptoms oTTm before 

-bich occurred ^ The inflammatory conditions 
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a patient is under ancstliesia might in'oducc a subluxation. However, in 
half llic cases tlic onset of S3’mploms was a day or more after the opera- 
tion and was gradual and progressive. Furthermore, no subluxations 
were obseia-cd following any other type of operation than those for an 
inflammator}’ process in the head or neck. The operations performed 
were mastoidectomy, tonsillectomy, incision and drainage of a cervical 
abscess and removal of tuberculous glands of the neck (followed by 
suppuration). 

I he following hypothesis is advanced to explain the occurrence of 
distention subluxations : The synovial membrane of the atlanto-epi- 
stropheal joints responds either to a generalized attack of rheumatic fever 
or to infection carried through the 13'mphatics or by continuity from 
infectious jirocesses about the head or neck. This response to infection 
occurs most rcadil3' in persons who have had rheumatic fever. The 
joint between the dens and the transverse ligament is simultaneously 
affected, possibly because it often communicates with the other joints 
of the articulation. The transverse ligament relaxes and permits for- 
ward displacement of the atlas on one or both sides. 

Traumatic Conditions . — Rotation deformities without subluxation 
were occasioned most frequently by trivial traumas, such as falling out 
of bed or turning the head suddenly. Overcorrection of congenital 
torticollis, with immobilization in plaster following myotomy, was 
responsible for two cases. The condition is probably analogous to 
sprain. In no case in this series did trauma alone precede forward sub- 
luxation. In two cases fracture of one of the atlantal arches with lateral 
subluxation of the lateral masses resulted from forces applied suddenly 
to the top of the head. One patient was buried in a cave-in; the other 
struck the bottom of a swimming pool when diving. 

Poliomyelitic Suhluxation . — Paralysis of the stabilizing muscles of 
one side of the neck gave rise in one case to true subluxation of the 
atlas ■with relaxation of the transverse ligament. 


SYMPTOMS 

Subluxation and simple rotation deformities of the atlanto-occipital 
joint present a similar symptomatology. The chief complaint was most 
often of stiffness, frequently of deformity or pain on motion. These 
three symptoms were always present to some degree. Rarely, and only 
in the severer cases, were difficulty in opening the mouth, dysphagia and 
changes in the voice complained of. Three patients with bilateral sub- 
luxation had neurologic symptoms due to pressure on the cord. Occip- 
ital headache was recorded three times. 

Difficulty in opening the mouth is associated with, and is probab y 
due to, extreme flexion of the head on the neck in marked subluxaUons 
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Swallowing becomes difficult apparently because of the “ 

offLd to the rising of the glottis by the aerion ot the head and he 
protrusion of the second, third and fourth cervical vertebrae into the 
pharynx as they hyperextend to compensate for the Bexion defornutj 
in the atianto-epistropheal joint. 


SIGKS 


The head is held stiffly in ftexioti with the dim dose to the neck. 
When rotation deformity is present in addition to flexion the head is 
held tilted toward, and rotated away from, the side on which the atlas 
has moved forward. The patient appears to be straining to bring the 
head to the midline. On arising from the prone position, the head is 
supported by the hands. Instead of turning the head, the whole body 
is turned. 

The spine of the second cendcal vertebra is palpated on the side 
toward which the head is turned, i. e., opposite the side on which the 
atlas has moved forward. The mechanism of this phenomenon has been 
previously referred to. The paraspinal muscles stand out prominently 
on the side toivard which the epistropheal spine is deviated and are 
usually in spasm. A colleague described a case in ivhich this spastic 
muscular mass was mistaken for an abscess. The patient died during 
attempted drainage. If the subluxation is symmetrically bilateral the 
spine of the epistropheus is not rotated, but becomes more prominent 
in the midline. The soft tissues in the region of the subluxation are 
tender, particularly over the bony prominences. 

I^Iobility is extremely limited by spasm. Attempts at motion cause 
pain, usually localized just below the mastoid processes. In the supine 
position, with the head supported on the table, the mobility is often 
much greater, probably because the stretched transverse ligament is no 
longer under tension. Even when lying down it is usually impossible to 
rotate the head past the midline toward the side on which the atlas has 
moved forward. 


When rotation deformity is present, examination of the pharjmx 
reveals a bulging on the side opposite that on which the atlas has 
mo\e(l forward. This is caused by the rotation of the cervical vertebrae 
below the first (previously referred to). 

The neural canal is narrowed in proportion to the amount of fonvard 
wfcalion of the atlas. In five patients the subluxation was over 
0 tun, Tbree pat.ents with subtaion of II, 12 and U mm„ respec- 
iwely. had signs of pressure on the cord. On the other hand 

;:::;:::et;!\b:’to;f --.iti,' dS 
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All acquired torticollis with spasm of the muscles should at once 
arouse suspicion of suhluxation or rotation deformity at the atlanto- 
cpistropheal joint. A history of rheumatic fever, infection about the 
head or necl: or trauma antecedent to the onset of the symptoms is still 
moi c suggestixe. hinal diagnosis should be made by roentgenogram. 

Differential diagnosis should distinguish the condition from con- 
genital torticollis, specific or nonspecific arthritis of the cervical spine 
(a suhluxation ma}’ develop later on an arthritic basis), myositis and 
fibrositis of the neck, spasmodic torticollis, osteomyelitis of the cervical 
vertebrae and sublu.xations of the lower cervical vertebrae (particular!}' 
following trauma). 

TRE.ATMENT 

The aim of treatment in these conditions is twofold; (1) reposition 
of the bones concerned in tlieir normal relationship and (2) restoration 
of the inflamed or damaged structures of the joint to a healthy state. 

From the therapeutic point of view the cases studied can be divided 
into four groups: distention sublu.xation ; simple rotation deformity; 
fracture of the atlas, and poliomyelitic subluxation. 

Distention Suhluxation . — Of the twenty cases in the group reduc- 
tion was attempted in fourteen. The methods employed were traction 
and manipulation, of the Walton type, i. e., tilt, then rotation opposite 
to the deformity, with fixation in a plaster cast for from four to twenty 
weeks. Traction consisted of; (1) straight traction on the head in bed; 
(2) strong traction on the head with pehde counter traction, followed by 
support in a plaster cast; (3) a plaster cast applied while the head is 
under traction, and (4) suspension with manipulation. 

No permanent reduction of the forward displacement was obtained 
under treatment excej^t in one instance. Strong traction on the head 
with pelvic countertraction followed by the wearing of plaster bandages 
for twenty weeks effected a reduction of the forward slipping from 12 
to 3 mm. On the other hand, follow-up examinations revealed that in 
nine patients, two of whom had been treated by massage only, reduction 
of the subluxations occuri'ed spontaneously (incomplete in six and 
complete in three). 

Recumbency alone relieves the spasm considerably, but is more 
effective when combined with traction. However, straight traction in 
bed has proved totally ineffective in diminishing the forward displace- 
ment of the atlas unless the head is hyper extended. 

Roentgenograms taken while heavy traction was being exerted on 
the head shoAved separation of the cervical vertebrae, but when the 
traction acts in the direction of flexion it has no influence in lessening 
the forward subluxation. 
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lacob== who first reported cases of distention subluxation noted 
while checking his manipulation by digital examination of the pharynx 
of one patient that the prominence of the subluxated lateral mass o 
the atlas disappeared when the head was hyperextended and promptly 
reappeared when the head was flexed. Berkheiser and Seidler • used 
traction with hyperextension in their five cases of distention subluxa- 
tion and secured reduction in all of them. 

Hyperextension is an important principle in the treatment of this 
condition. Not only do the movements of the vertebrae when hyper- 
extended represent the reverse of the movement by which the subluxa- 
tion took place, but recurrence of the deformity is prevented by the 
tension produced on the anterior spinal ligament, which then acts as a 
splint to the vertebrae. Light traction in hyperextension secured reduc- 
tion within a week’s time in two patients now under treatment and not 
included in this series. 

Reduction accomplished, the head and neck should be rested for a suf- 
ficient time to allow tor a subsidence of the inflammation and restoration 
of the transverse ligament to its normal length and strength. Sub- 
sidence of the inflammation can be judged clinically from the disappear- 
ance of muscle spasm, and roentgenographically from the disappearance 
of swelling of the soft tissue. The speed of restoration of the trans- 
verse ligament depends on the age of the patient, the length of time the 
subluxation has been present, the extent of the subluxation and the 


patient's general condition. Rest is most readily secured bj* immobiliza- 
tion in plaster in hyperextension. The period of immobilization might 
be varied, depending on the conditions mentioned, from three weeks to 
five inontlis. Immobilization should never be maintained in flexion, and 
the position should be checked roentgenographically. A short period in 
bed to allow the muscles to regain their tone should follow removal of 
the support. check-up by roentgen examination should be made 
shorth after the patient is allowed to be out of bed without support. 


Simple Rotation Deformity . — In the eight cases in this group reduc- 
tion with restoration of function was accomplished regardless of the 
torm of treatment applied. Treatment employed included; massage 
only (uyo cases), wearing of a Thomas collar for two weeks, traction 
m bed for eighteen days, wearing of a plaster helmet for five weeks 
(two cases! and Walton manipulation with the helmet for five weeks. 
^ One patient whose deformity resulted from overcorrection of a con- 

nkevirir completely and permanently 

rt laved b> one day s traction m hyperextension. 
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Ihc same principles of treatment probably apply to this group as 
apply to distention subluxations, but, owing to the minor nature of the 
injuries sustained by tlic joint structures, immobilization following 
reduction is brief or may be omitted altogether. 

Fracture of the Atlas. — Anatomic reduction of a fractured atlas is 
impossible by any method known at present. Relief from spasm of the 
muscles and the trauma of bearing weight by traction in bed is indi- 
cated f 01 such a pci iod as will allow union to take place, and protection 
fiom motion by a suitable collar after the bearing of weight is deemed 
safe. 

PROGNOSIS 

Tlie length of follow-up in the series varied from three months to 
seven 3’ears, with an average of two 3'ears. Patients were regarded as 
well if they had no symptoms, no clinical deformity and a good range 

Tahle 2. — Results in Eighteen Cases of Distention SnbJu.vation 


A. Aec 5 to 10 

10 to 15 

15 to 20 

Over 20 

B. Original forward displacement 

5 mm. or under 

Over 5 mm 


Well Improved Unimproved 


5 0 0 

3 11 

021 
0 0 2 


C 3 0 

2 3 4 


C. Reduced 3 0 0 

Partly reduced 5 2 0 

Unreduced 0 4 4 


of motion in all directions without spasm; improved if there was any 
definite lessening of the original symptoms or 3113'- definite improve- 
ment in mobility; unimproved if there was negligible or no improve- 
ment in symptoms and physical signs. 

The subluxations were classified as reduced, partially reduced and 
unreduced. The anterior atlantodental interval was measured in mil- 
limeters, and the subluxation was considered reduced if this distance 
was 2 mm. or less. All reductions with the exception of one partial 
reduction were spontaneous and were not secured under treatment. 

Table 2 gives a summary of the results of treatment in eighteen 
cases of distention subluxation. 

It may be concluded that the younger the patient is the smaller the 
amount of the original forward displacement, and the greater the 
amount of reduction secured the better are the results. In only one 
case was there any increase in the subluxation six months after it was 
recognized. It is assumed that after the acute inflammation has sub- 
sided there is little tendency to further stretching of the transverse 
ligament. 
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All the patients with simple rotation deformity made a complete 

The^two patients with fractured atlantal arch recovered a good range 
of motion, but both continued to suffer from pain in the neck, particu- 
larly in damp weather and on resuming activity after resting. 


. SUMMARY 

Nonfatal dislocations of the atlas without fracture of the dens must 
be rare. Subluxation of the atlas forward is not uncommon and is 
associated with relaxation of the transverse ligament. Subluxation is 
often accompanied by rotation deformit}^ but rotation deformitj' often 
exists without subluxation. Roentgenographicallj', subluxation is diag- 
nosed by the increased anterior atlantodental interval ; rotation deformity, 
by the deviation of the spine of the epistropheus. Effusion in the 
atlanto-epistropheal joints, resulting from rheumatic fever or from 
foci of infection nearby, causes the relaxation of the transverse liga- 
ment and tlie subluxation. Simple rotation deformity is usually caused 
by minor trauma. Pain, stiffness, deformity, limitation of motion in the 
neck and spasm are found in both subluxations and rotation deformities. 
Bilateral subluxation is characterized by flexion of the head and a 
prominent epistropheal spine in the midline. Unilateral subluxation and 
rotation deformity are characterized by flexion, rotation, tilt and devia- 
tion of the epistropheal spine to the side toward which the head is turned. 
Traction in hyperextension will reduce both subluxations and rotation 
deformities. Immobilization should last long enough, to allow' recovery 
of the damaged structures of the joints, especially the transverse liga- 
ment. Subluxations show' little tendency to increase six months after 
the original slipping ; rather they tend to decrease spontaneously. The 
younger the patient and the less marked the subluxation, the better the 
prognosis. 


COKCLUSIOX 


Patients with an acquired torticollis, especially when giving a history 
of rheumatic fever or infection about the head and neck, should be 
studied roentgenographically. If an atlanto-epistropheal subluxation or 
mation deformuy is found, traction with hyperextension followed by 
niinobihzation in liyperextension is the treatment of choice. 
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Convalescence after fractures of and operations on bone is prolonged 
because bone heals more slowly than does soft tissue and because the 
immobilization required during the process of healing leads to local 
atrophy of the bone and muscles and to a decrease in the range of 
motion permitted by the soft tissues of the part. If the union of bone 
could be hastened and if local atroph}^ could be prevented considerable 
economic advantage would result and a proportionately larger number 
of patients could be treated in orthopedic hospitals each year with the 
same number of beds. In this article we report a series of clinical experi- 
ments in which therapeutic doses of vitamin D and of calcium were 
administered to normal children receiving an adequate diet in an attempt 
to hasten union and to prevent local atrophy of bone after stabilizing 
operations on the feet. 

We know of no observations on the effects of added vitamins and 
calcium on local atrophy of bone in animals receiving an adequate diet, 
but a considerable literature has accumulated on the effect of these 
substances on the union of bone. There is general agreement that if 
animals are given a scorbutic diet the union of fractured bones will be 
delayed or will fail to occur, depending on the severity of the avitamino- 
sis.^ However, an excess of vitamin C administered to an animal receiv- 
ing a normal diet has no effect on the healing of fractures (Israel and 
Frankel,^ Schilowzew,® Roegholt ^ and Holasz and Marx ®). 

From the Department of Surgery of the Washington University School of 
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Observers who have added vitamin D and calcium to an adeqi 
diet have reported conflicting results. Bors and Collazo ■ found that 
the addition of vitamin D to the diet increased the size of the callus 
and the rapidity of the union of fractures in rats as compared with 
control rats which were given an adequate diet. Roegholt found that 
an insufficient amount of vitamin D caused delayed union, but made no 
observations on the effect of an excess of vitamin D in the diet. Montscli 
and Krammer ® and Pincussen and Newmann ® administered a substance 
which contains vitamins A, B, C and D, calcium and phosphorus to 
experimental animals and to patients with fractures, and concluded that 
this substance caused fractures to unite more rapidly than did similar 


fractures in animals and patients receiving a normal diet. On the other 
hand, Kellner Vara-Lopez,“ Swart"- and Lewis found that the addi- 
tion of an excess of vitamin D to an adequate diet had no effect on 
the healing of fractures, and Tammann "" found that the addition of a 
large excess of vitamin D to the diet of rabbits with experimental frac- 
tures had a deleterious effect on the callus and in some instances caused 
atrophy or fracture of the callus. 

After we had found that atrophy of bone could be demonstrated 
in roentgenograms of a foot which had been immobilized in a plaster 
of paris cast and had gained a fair idea as to the amount of atrophy 
which might be expected to occur after eight weeks of immobilization, 
we decided to use postoperative roentgenograms of the feet as criteria 
in determining whether or not the atrophy could be prevented by adding 
vitamins and calcium to the diet. 
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7. Collazo, J, A. ; Rubina, P., and Varela, B. ; The Role ot Vitamin D in the 
Regeneration of Bone Tissue and Callus Building in Experimental Fractures Arch 
i- Win. Chir. 158:214, 1930. 

5*. Moritsch, P., and Krammer, E.; The Influence of a Calcium and Phos- 
I'horiis Containing Vitamin Preparation (Vito Phos) on Callus Building Wien 
mcd. Wchnschr. 79:1454, 1929. 
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For the purpose of our studies we selected cldldren in good general 
health who were to he subjected to stabilization operations on one or 
both feet. In most instances the operation was the classic lioke opera- 
tion consisting of a subastragaloid arthrodesis and a plastic osteotomy 
of the neck of the astragalus with an arthrodesis of the astragalo- 
■scaphoid joint. In some instances the calcaneocuboid joint was sub- 
jected to arthrodesis (triple arthrodesis). Thus we had a series of 
patients with a fairly uniform surgical procedure in whom we could 



Fig. 1 (B. Z.). — The left foot: A, before the operation, and B, eight weeks 
after a Hoke operation and immobilization in a plaster of paris cast. This patient 
received cod liver oil twice a day during the period of immobilization. 



Fig. 2 (A. W.).— The left foot; A, before immobilization, and B, after opera- 
tion and immobilization for ten weeks in a plaster of paris cast. ^ This patient 
received cod liver oil and calcium during the period of immobilization. 


study the degree of atrophy and the rapidity of union between the bones 
at the healing joints. After the operation it is customary to keep t 
foot and leg immobilized in a plaster cast which extends from the mi^ 
of the thigh to the toes. The immobilization is continued for dght 
weeks. Then the cast is removed and the patient begins to walk m an 

ordinary shoe. „trnk 

Forty patients w^ere studied. Ten of these were used as co 

and received the ordinary hospital diet at the Shnners Hospi a 
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Crippled Children, ^vhich is an adequate diet for nomal children. The 
other thirty patients received the same diet, but m addrhon, ten received 
viosterol (20 drops daily), seven received cod liver oil (-. teaspoon u s 
daily) and the remaining thirteen received cod liver oil and calcium 
(2 'teaspoonfuls of cod liver oil and 2 teaspoonfuls of calcium com- 
pounds— about 1 Gm. of calcium phosphate daily). 

At periods of from seven to eight weeks after the operations the 
casts were removed, lateral roentgenograms were made of the feet, and 
the feet were examined clinically. Other than some separation o t le 
edges of the skin, which is a frequent occurrence after these operations, 
there were no complications in the series, and complete healing had taken 
place at the end of the usual eight weeks’ period. No difference in 
the healing was noted vv’hen the controls were compared vvdth the patients 
who received the added vitamin D and calcium. The same was true of 
the stability of tire feet. On clinical examination and functional tests 
the feet of the controls appeared to be as stable and as firmly united 
as the feet of those who had received the added Gtamin D and calcium. 

When the roentgenograms of the feet were studied and compared 
with preoperative roentgenograms of the same feet, and when those of 
the controls were compared with those of the patients who had received 
the added vitamin D and calcium, it was found that there was about 
the same degree of atrophy of bone and of roentgenologic evidence of 
union of bone in both series. 

COMMENT 

The observations recorded in this article indicate that local atrophy 
of houe is the result of local conditions and that it cannot be prevented 
or appreciably lessened by an abundance of vitamin D and calcium in 
the diet Likewise, the healing and union of bones appear to require 
a certain amount of time, and we found no evidence that the addition 
of vitamin D and calcium to an adequate diet will reduce this time. 

It is to be emphasized that all our patients received an adequate 
diet and our results are not to be interpreted as evidence that patients 
convalescing from fractures and operations on the bones should not 
ncm-c vitamin D and calcium. It is probable that a diet deficient in 

vuamin D and calcium would lead to increased local atrophy and delayed 
union 01 bone. 

calciLr therapeutic doses of vitamin D and 

calcium do not cause increased local atrophy or delayed union of bones. 

CONCLUSION 

. : »' ““derate the rate of i,nio„ of bones. 
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PROSTATE GLAND 

Carcinoma . — Young -• stated that carcinoma of the prostate gland 
generally begins as a nodule just beneath the posterior capsule, where 
it is easily palpable by way of the rectum. Hypertrophy of the prostate 
gland almost never begins in this region, and the two may develop 
concurrently, each occupying a different part of the gland; in fact, 50 
per cent of patients with carcinoma of the prostate gland also have 
adenomatous hypertrophy, not infrequently quite remote from and 
entirety uninvolved bj'- the carcinoma. Later the carcinoma spreads 
in all directions, ultimatety penetrating the fibrotic capsule of the adeno- 
matous enlargements and finally completely replacing the nonmalignant 
cells within such capsules. 

Young described his radical operation for the care of the prostate 
gland ; After exposing the gland through an inverted V incision by 
the usual division of the central tendon and recto-urethral wuscle, it 
is opened through the membranous urethra, a retractor is introduced 
and the posterior surface of the gland is exposed. The radical operation 
is begun by transverse division of the urethra, isolation of the prostate 
gland from beneath the anterior transverse fascia, exposure of the 
bladder near the prostate gland and resection of the cuff of the bladder 

27. Young, H. H.: The Ultimate Results in the Treatment of Carcinoma of 
the Prostate by the Radical Removal of the Prostate, Vesica! Neck and Seminal 
Vesicles, J. Urol. 29:531. (May) 1933. 
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vith transverse division ot the trigon about 1 cm. below the urethra 
oriftcc The bladder is then pushed up, care being taken «ot to mjure 
the ureters, and the ampullae and vesicles are isolated clanged dnided 
and ligated high up. Careful hemostasis must be obtained The neu 
high {retiucncy coagulation machine is of great assistance, but the deep 
pedicle ot the seminal vesicles should be ligated and all serious bleeding 
^topped. No difficulty is experienced in anastomosing the bladder to 
the membranous urethra, a portion of the anterior wall being used and 
the remainder closed longitudinally. A retained urethral catheter takes 
care of drainage. The deep angles of the wound are lightly packed with 
a long strip of iodoform gauze, which is brought out through one corner 
of the wound, the rest of the wound being closed by interrupted sutures 
of waxed silk. 

Young stated that this operation, which at first seemed so formidable. 
ha>^ been carried out in 42 cases at this clinic ; it has also been carried out 
in 40 ca-e^ by tl. ( i. Smith at the Massachusetts General Hospital, who 
statetl liiat one and a half hours suffice for the operation, that the 
mortality rate is no greater than in prostatectomy for benign hyper- 
triij)iiy, and that licaling is accompanied by less infection and is often 
quicker. Young's statistics indicate that of 4,295 operative prostatic 
specimens, 4(')0, or 10.7 per cent, revealed carcinoma. If cases were 
inclndcil in wliich treatment was with radium, the percentage of carci- 
noma would he higher. These statistics demonstrate the great impor- 
tance of recognizing carcinoma and recognizing it early. 

Tl’.c average age of Young’s 42 patients, for whom the radical opera- 
iioii for carcinoma of the prostate gland was employed, was 64 years; 
ihr yonngi'st patient was 51 years ot age and the oldest, 77. The pre- 
''.iciiimun SMiiptoms were; frequency, nocturnal emission, complete 
uunimii. urethral discharge, burning on urination, hesitancy, hema- 
imin. mgeiic\ and difficulty in completely emptying the bladder; several 
pv.iMUs made no complaint. The anesthetic agent employed was ether 
•n " casr-v. and o.Nvgen and ether in 15. Anesthesia was caudal in 15 
and vpmal m .V The .average number of days in the hospital 
'O'- oiiytuM. The mortality rate was 4 deaths, or 9.5 per cent; in 
■ ' A/ ;hc rate ^ < __ 

o oifis !\\ve hrvn traced 
■' '.'■•'A ns'vv lb, an live 

-o V-r n-m. b.ave lived five years without recurrence. 
• wv.i^ an' in mg. only .5 mitli recurrence, at periods vanan^ 
■ '-^^r.uaii vear. .aiK-r oircration. Ten of these patients 


inon 

1 C rate was 2 deaths, or 5.4 per cent. Twenty-seven 
who left the hospital after the radicaf opera- 
fears ago. Of these. 11 of the original 42 


v.rmav'. comml. 


v.-v, oi his explanation of the 
• ■ ■ diagnosis of carcinoma 

... ....o> navy. A very hard nodule, palpable 
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i)y rectum, unless slicnvn to be a stone by a roentgenogram, should be 
looked on with grave susj)icion. In such a case the patient should 
lie subjected to peiineal operation at which the lesion can be seen, pal- 
liated and, if necessary, incised and studied microscopically. If physi- 
cian.s could be taught to make rectal examinations much more frequently 
and to he susiiicious of every markedly indurated prostate gland, even 
when only a small nodule is present, many patients would be brought 
to early radical oiicration and to ultimate cure. Young stated that free- 
dom from recurrence can be obtained in a large percentage of cases, 
and that c.xccllent functional results with complete nocturnal control 
can he secured in practically every case; he also stated that diurnal 
control can be obtained in a large percentage of the cases when the 
patient is on his feet. 

Smith stated that in earl}’- prostatic carcinoma, before the growth 
has extended beyond the capsule of the gland, the possibility of cure 
is encouraging, but there are few cases in which the condition is dis- 
covered while patients are in this stage. When the growth has devel- 
oped beyond this point, the question of cure is no longer pertinent; 
the object of treatment then is to relieve urinary obstruction, if that 
exists, and to retard, as much as possible, further growth. Smith 
revie\ved 25 cases of carcinoma of the prostate gland in which high 
voltage roentgen treatment was given. Eighteen of the patients suffered 
from pain in the back, legs or pelvis; all of them were relieved following 
irradiation. This relief varied in degree from partial to complete, and 
in duration from one to six months. One series of treatments fre- 
quently relieved pain for three months. The prompt relief from pain 
was sometimes remarkable. The effect of irradiation on the prostate 
gland itself was less pronounced. In 9 cases the gland appeared to 
be smaller after treatment ; in 10 it continued to increase in size, and 
in 2 it gave no evidence of change. The degree of urinary obstruction 
was not affected. 

Smith reviewed the results of treatment with radium in 29 cases of 
carcinoma of the prostate gland. In 3 cases treatment consisted in 
insertion of seeds or needles through the perineum; in 11 cases partial 
perineal prostatectomy was performed with implantation of radium in 
the remaining shell of prostatic tissue, and in 16 cases radium was 
implanted through the open bladder. In most of these cases the obstruct 
ing median bar was removed at the same time ; in 2 others, radium was 
implanted in the tips of vesicles after total perineal prostatectomy. 
Smith reported that in 29 operations, there were 6 operative deaths, 
or 21 per cent. Three were due to embolus, 2 to cardiac failure and 

28. Smith, G. G. : The Treatment of Cancer of the Prostate, New England J- 
Med. 2.08 :S7^( Jan. 12) 1933. 



319 


SCHOLL ET AL.-mOLOGIC SURGERY 

\ to ^cp?is. Sixteen patients died of carcinoma the averap length of 
operation being thirteen months. Of 6 pahertts tawn to b 
.alive, 1 has lived font years. He is incontinent and has selerosrs of 
tlic vesical neck and a bladder diat holds only 1 ounce (30 cc.). He 
is losing weight, and although roentgenograms do not show bon> metas- 
tasis, he looks cachectic. Three other patients are having considerable 
trouble, and 3 patients, who were operated on recently, although 
they have good control, have strangury and pain at the neck of the 

bladder. 

Smith felt that of all surgical methods of attacking carcinoma of the 
prostate gland, total perineal prostatectomy is the only really aggressive 
one. He also reviewed his surgical cases for evidence of malignant 
disease of the prostate gland ; he has operated on 42 patients in the last 
thirteen vears. In all cases, the diagnosis has been established by micro- 
scopic examination. There were 3 operative deaths. Seventeen patients 
died of carcinoma, with an average duration of life of twent}'-seven 
months. Four patients are alive but give evidence of local recurrence 
or metastasis in the spinal column. None of these has any urinar}’ 
obstruction. Seventeen patients are alive and apparently well. Of 13 
who are alive and free from recurrence or metastasis, 6 have lived five 
or tnore years since operation; of the 11 who died without recurrence 
or ujctastasis, 5 lived five or more years. Smith concluded by saying 
it is his conviction that in early cases of prostatic carcinoma total 
pro'tatcctomy should he done, 

Smith, ill a second article, stated that perineal prostatectomy for 
carcinoma is not a particularly difficult operation to perform. He has 
fo'.mil that the lime required to perform this operation is about an hour 
a ball. It can generally be done with one application of spinal 
anr-ilusia. particularly if nupercaine is used. He stated that convales- 
cence has been unusually easy ; in fact, it is less fraught with anxiety 
d’-iu after ordinary prostatectomy because there seldom is any bleeding, 
tlure M,-enT. to l)e no toxic absorption, or at best very little, froni 
- 'icu-e ivf.m wbicb the prostate gland is removed. Since 1918, Smith 
■ 41 of these ojxTations. Of the patients operated on. 4 

; ni tb.e Iv.vjnta!. and 13 who survived the operation died of carcinoma 
’ gland. The average length of time between operation 
< i..:.! w.'!. uvir.ty-one months; the longest, seven and a half vears 
- '"‘h of ,vhich death finally resulted from carcinoma 

‘"Kite gland, tlic patients, as far as they knew 
!>ve and six years after operation; loc^l reciir- 
and the end came fairly rapidly. 
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An important point is that in these cases there are no local symptoms 
in regard to difficulty of urination after operation. 

Smith reported that several of the papillary tumors which he encoun- 
tered were of the type in which the neck of the bladder is involved and 
the tumor is malignant, as had been proved by biopsy and cystoscopic 
inspection. With improvement of the modalities of high frequency 
current, Smith found that by using a flexible-loop electrode he could 
ream out the whole neck of the bladder and the tumor without any 
difficulty, whereas in all these cases operation previously had been by 
the suprapubic route. In another type of case, which has presented 
difficulties in the past and necessitated laborious, frequent treatment for 
large papillomas, Smith, with the same type of electrode, has been able 
to cut down the tumors (tumors of enormous size) so that within two 
or three treatments the whole tumor has been destroyed, the super- 
abundant mass being cut away with the loop electrode and the base 
immediately coagulated with the ordinary button electrode. 

Transurethral Resection . — Bumpus stated that in the sixteen 
months from Jan. 1, 1932, to July 1, 1933, at the Mayo Clinic, 488 
patients were subjected to transurethral resection of the obstructing 
portion of the prostate gland. Only 1 patient of this group died. In 
a recent study, 600 cases in which prostatectomy was performed were 
compared with 600 cases in which resection was done ; 43 per cent of 
the patients who were subjected to prostatectomy had been prepared 
by permanent drainage with a catheter, whereas only 24 per cent of the 
other group were so prepared. Of these 1,200 cases, suprapubic cys- 
tostomy was performed in 45 per cent of the cases in Avhich the patients 
were to undergo prostatectomy and in 19 per cent in which the patients 
were to undergo transurethral resection. 

Bumpus reported that when transurethral resection for prostatic 
obstruction was first undertaken, only those cases were included in which 
obstruction was minimal. The field has gradually enlarged, however, 
until, in the first six months of 1933, only 3 patients underwent supra- 
pubic enucleation of the gland, whereas 202 patients underwent trans- 
urethral resection. Bumpus felt, therefore, that, with few exceptions, 
prostatic obstruction can be corrected by transurethral methods if the 
urethra permits the passage of instruments. He stated that transurethral 
resection has been criticized as a more or less temporary measure. He 
reported that from Jan. 1, 1925, to Jan. 1. 1932. he had removed tissue 
which, on microscopic examination, revealed adenofibromatous h 3 ’per- 
trophy in 96 cases. In 1 case in which operation had been performed 
in 1925, 8 Gm. of tissue was removed, a considerable amount for those 


30. Bumpus, H. C, Jr.: Preparation for, and Care Following. Transurethral 
Resection of the Prostate Gland, Urol. & Cutan. Rev. 37:674 (Oct.) 1933. 
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davs When last traced, 86 of these patients ^vere alive and 68 were 
satisfied mth the results of operation, many after a lapse of more titan 
four years. From lanuary 1927 to July 1933, subsequent prosmteetomy 
u4 required in only 9 (1.3 per cent) of 702 cases m rvlueh trans- 
urctlual resection had been performed. During fte same period, trails- 
urethral resection has been employed in 21 cases in ^Yhlch prostatectomy 
had been performed previously. 

Walker discussed the anatomy and physiology of the vesical neck 
and pointed out that resection is rendered more difficult by the fact that 
the knowledge of its anatomy and physiology is so incomplete. ^ An 
examination of the muscle fibers of the vesical neck would indicate, 
in Walker's opinion, that opening of tile neck of the bladder is brought 
about not merely by relaxation of the sphincter but also by the dilating 
action of certain longitudinal fibers passing through this structure. In 
discussing pathologic changes in the vesical neck, Walker made use of 
the term ‘‘dysectasia,’’ previously introduced by Legueu, to indicate the 
condition in which there exists some obstacle to the opening of the neck. 
He tlien discussed the histology of obstruction of the vesical neck under 
the follorving divisions; (1) glandular hyperplasia, (2) muscular hyper- 
trophy, (3) increase of fibrous tissue, (4) increase of more than one 
tissue and (5) malignant disease. After stating that the aim of opera- 
tion is to remove all tissue that interferes with normal opening of the 
neck, Walker considered the various routes by which the neck may 
be approached, namely, the perineal, the suprapubic and the transurethral. 
The operation of cuneiform excision of the posterior lip of the internal 
meatus was then described as well as the more radical operation of 
complete excision. He then described transurethral methods, starting 
with the history of transurethral operations and ending with a descrip- 
tion of instruments in present use. He pointed out that modern trans- 
uielhral methods are of three kinds: simple fulguration, the coagulated 
tissue being left to slough away subsequently; electrocoagulation fol- 
lowed by immediate punching out of coagulated tissue; removal of 
obstructing tissue by means of the McCarthy loop. Walker said that 
m bis experience sepsis is a grave danger in all cases in which coagu- 
lated tissue IS left briiind. and for that reason he expressed a strong 
preterence for operations that include immediate removal of coa<^ulated 
OsMies. In his opinion, this removal may best he accomplished the 

ir-.qt r time as 

n 'tals ot; Idccdmg points. 

^ Walker staie.l that since the aim of surgical intervention is to remove 

of the neck to dilate, transurethral 

S - a FiWi Cong. Internat. 
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olUT.-Uion nui.s( he cmiilcycd only when, in the opinion of the operator 
this aim can saiisiactonly he adiievcd by such methods. When sur- 
ronndni- structures arc extensively involved, as, for example, in a case 
<)1 lilnoiis bar associated ualh a fibrous prostate gland, the more radical 
op<--naion of excision of the neck will probably be required. 

Scholl stated that transurethral prostatic resection is unquestionably 
a procedure that will he used extensively in the future. The recognition 
of early obstruction and treatment by resection while the patient is still 
in gtiod health will greatly reduce the incidence of advanced prostatism 
and its need for extreme surgical procedure. He stated that prostatic 
resection is definitely not a minor operation. It carries a high potential 
risk, even in the hands of an expert, and it should be done only after 
thorough c.varnination and adequate preparation by a urologist specially 
skilled in the technic. The ready acceptance of this procedure by physi- 
cians for their own personal needs suggested to him a successful future 
for the method. 


Wcijtlandt slated that disturbances in evacuation of the bladder 
due to lesions of its neck may be classed under the clinical name “pros- 
tatism." In the great majorit}'' of cases such disturbances are caused 
by adenoma of the submucous periurethral glands (prostatic hyper- 
trophy) or by carcinoma of these glands or of the prostate gland 
(prostatic carcinoma) or by sclerotic processes fundamentally of an 
inflammatory nature. The cause of urinary retention in such cases is 
not, as a rule, the purely mechanical "cut-off" of the urinary passage; 
a catheter, for instance, can usually be passed. The most common cause 
of retention is some obstacle to the functioning of the sphincter in the 
process of opening. This is due partly to mechanical fixation of 
the muscle by pathologic tissue and partlj" to secondary hypertony of the 
sphincter. 

Weijtlandt reported that the various operative measures applied, such 
as prostatectomy, extirpation of the vesical neck, cuneiform excision, 
punch operation, electrocoagulation and “cutting current resections, are 
all the same on one point, namely, removal of a portion of the pathologic 
tissue from the region of the vesical neck and sphincter. The success 
of this procedure depends on whether sufficient tissue is removed to allow 
what remains of the vesical neck and of the prostatic urethra to regain 
a sufficient degree of flexibility, or, at all events, to prevent the sphincter 
from being impeded in its function of opening the vesical neck. There 
are three methods of transurethral treatment rvhich are well known: 
Young’s punch operation, or one of the modified forms of the Braasci- 


32. Scholl, A. J. : An Evaluation of Transurethral Prostatic Resection, West. 

Sure. «: 278 (May) 1933. „ 

33. Weijtlandt, J. A. : On the Surgery of the Bladder Neck, Fi 1 1 ong. 

nternat. Soc. Urol., 1933, p. 477. 
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Burnous McCarthy or Day and Phdlip operations; Caulk’s cautcrj'- 
punch opemtion, and the "cutung-current” resert.on ° 

Stem-Dauis. McCarthy. Canny Ryall and of non Uchtenbcg. Wcijt- 
landt concluded that the results thus far reported do not warrant an) 
definite conclusions. Publication of rrrore detailed reports on more 
cases will be required to make it possible to form a solid judgment 
regarding these therapeutic methods, the indications for and the prac- 
tical performance of them, the attendant danger and their efficac)^ over 
long periods of time. 

Elecirosnrgkal Resection.~Bdt, Charnock, Folkenbcrg ^ and. 
Falconer described a current activator for prostatic resection which is 
amply powered, compact and inexpensive. It has an undamped current 
which is supplied bj' vacuum tubes and which is suitable for cutting 
under water. A spark-gap apparatus furnishes a damped current for 
the coagulation of bleeding vessels. 

A series of experiments were carried out which indicated that the 
optimal density of the radio frequency current for adequate under-rvater 
cutting was 300 volts and 0.7 amperes. It was discovered that the death 
of cells occurred for an appreciable distance beyond the actual cut if 
the density of the current was increased to 325 volts and 1.8 amperes. 
Healing subsequent to cuts made with such a current proceeded along 
the cut edge without the death of an appreciable amount of tissue beyond 
the point of contact with the advancing loop. These investigators further 
discovered that a coagulating current of low wattage, when held in 
contact with the surface of the prostatic urethra for a length of time 
sufficient to whiten the tissues, caused death of cells to great depths. 
Tlie depth of the subsequent slough bears a direct relation to the length 
of time the active electrode is in contact with the tissues. 

Disease of the Vesical Neck. — ^Marion®® stated that from a symp- 
tomatic point of view it is evident that there are two types of disease 
of the vesical neck. In the first, or so-called congenital type, the mani- 
festations appear in early childhood ; in the second type, the trouble arises 
at a later age, without ever having been preceded by other disturbances. 
In the congenital form, complications occur early in infancy. The child 
IS obliged to use pressure when urinating. He takes a long time to 
mmate, and this is sometimes noticed by the parents. The symptoms 
then mcrease more or less rapidly. They are comparable in ever^^ way 
'vilh the mamfestations of prostatic hypertrophy and vary slightly 
ccorc mg to the patient ; there is, sometimes, incomplete retention with- 

SA^Bclt, Bmcr: Charnock, D. A.; Folkcnberg, A. W and Falron<.r T? a 

Prostate, ’urol. & 
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out distention, distinguished by more or less pronounced pollakiuria 
and llic presence of rcsnhinl urine in more or less abundant quantities. 
Jins inconiplctc retention occasionally leads to distention with incon- 
tincncc. iMually, and frequently, the dysuric stage is abruptly inten- 
sified by complete retention. 

1 he acquired type of disease of the vesical neck has symptoms iden- 
tical with those of the congenital t 3 'pe, which in turn are identical with 
those of prostatic hypertrojdiy ; in these cases, however, it has been 
impossible to trace dysuric trouble in infancy. The symptoms appear 
^at a moi c or less ^idvanccd age and develop rapidl^^. In such cases there 
in\-ariahly arc urethral or periurethral antecedents, such as long-standing 
chronic urethritis, often accompanied by periurethral suppuration and 
stricture. 

BLADDER 

Tumors. — Sindoni,''"’’ in a case of primary adenocarcinoma of the 
bladder, studied the vesical mucosa with reference to the existence of 
vesical glands, a subject about which there is no unanimity of opinion 
today. Albarran gave the most detailed description of these glands, 
which he divided into two groups : The first group of glands are near 
the trigon and consist of small depressions, which do not have a mera- 
brana propria, only a simple wall of connective tissue lined with an 
epithelium not essentially different from that 'of the epithelial cells of 
the bladder. These glands do not secrete mucus but contain cellular 
detritus due to superficial epithelial desquamation. The second group 
is situated outside of the neck of the bladder, especially on the anterior 
wall, and the glands are analogous to those of the first group, and still 
rudimentary. Contrary to Albarran’s opinion and that of investigators 
who agreed with him, there are a number of other investigators who 
think these formations are not glands but only glandlike depressions. 

In view of such differences of opinion, Sindoni took up the histologic 
study of these structures for himself in healthy bladders, examining only 
the trigon. He found that whereas the gross appearance of tliese struc- 
tures was somewhat varied, the histologic details were uniform: at times 
there were superficial excavations of the epithelium, and in other cases 
simple or ramified tubular formations, but the epithelium in all was 
exactly the same as that of the surface and the connective tissue had the 
same structure. In fact, the tunica propria followed the outlines of 
the glandlike formations and was composed of fibrillar connective tissue 
and elastic fibers. Sindoni concluded that both in children and in adults 
there are solid epithelial masses and simple or branching tubular forma- 
tions at the vesical trigon which in their structure must be regarded 

36. Sindoni, M. : Glandule vesicali e tumori a struttura glandulare della vescica, 
Arch. ital. di urol. 10:309 (July) 1933. 
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as mirrnte extrofiexions of the mucosa. Despite the fact that the gross 
appearance of these structures is that of glands, he thinks such a name 
cannot be given to them, because the term “gland” is closelj' bound 
up with the idea of secretion, and there was no histologically observable 
secretion. A mucicarmine test gave negative results. Sindoni denied 
the existence in the bladder of any true mucous glands, and he thought 
that to explain the genesis of local glandular neoplasms “of cylindric 
epithelium the view must be taken that these are in some cases tumors 
starting in the prostate gland and in others heterotopic epithelial inclu- 
sions, or else that they are a process of metaplasia of the vesical 
epithelium. 


[Compiler s Note.— The subcervical group of glands of the vesical 
nec ■ an ’region of the trigon have been recognized as a clinicopathologic 
entity since Albarran’s time and, as is evident from the literature, their 

tions, ^covered that\bex ^ ^ ^ postmortem examina- 

Likeivise ls 7 <=, r ' ^ per cent of the cases, 
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of the vesLl neck Th ' Wodnet obstruction at the outlet 

undergo adenocarcinol^o 
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neck of the female and m relation to the urethra and vesical 

literature, explained how theTmaT”^ ^ ’"C'^cw of the 

>ng the vesical neck.] ^ ^ produce pathologic conditions affect- 

portion of till' iirh^rriacriirwh^ carcinoma of the lower 

Institute. In this studv ther^were^S""^ ^^as given at the New 
bladder. 194 cases of carcinoma of th carcinoma of the 

uema of the urethra and 2 cases of cases of carci- 

Ironi the liladder. The c~ases of o ^ fistulous tract leading 
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vesical liimor arising from abberrant prostatic tubules, from the 
subti-igorial group of glands or from mucous glands occasionally con- 
tained within^ the wall of the bladder. This type of tumor was encoun- 
tered twice; in both eases the patients ivere men, aged 50 and 54 years, 
rcspcctii-cl}-. (3) Epithelioma of the mucous membrane. Histologically’ 
these tumors, although deeply infiltrating and rather rapidly growing’ 
retain to a pronounced degree the characteristics of cells of the mucous 
membrane lining the bladder. In this group there were 134 cases. In 
4 of these treatment was not given for various reasons. Of the remain- 
ing 130 patients, 90 are now dead, and of those who are living, 25 have 
no vesical tumor and 14 still have varying amounts. One patient was 
lost from obsen-ation at the end of a j^ear and three months, but at the 
time gave no evidence of tumor. (4) Malignant papilloma, designated 
as such because of the papillary arrangement of cells. These tumors 
possess, however, all of the malignant properties of the previously men- 
tioned tj'pcs, but to a less degree. There were 24 patients with tumors 
of this type. Three of these patients were lost track of after having 
been under observation for from eight months to seven years with no 
tumor present at the last examination. Fourteen have died, 12 of malig- 
nant tumor. Seven of this group are still living; 6 of these have no 
tumor, and 1 has tumorous tissue present. Of the patients who died, 
the duration of life, on an average, was two j'ears and one month after 
starting treatment. (5) Massive papillomatous tumors, the cells of 
which arouse suspicion but lack the earmarks of malignancy possessed 
by tumors of the other groups. There were 13 cases in this group, and 
in 4 of these the patients had been lost from observation with no evidence 
of tumor when the}'’ last were seen. One patient has died after one year 
and five months, and 8 are alive without evidence of tumor from one 
to seven years after treatment. 

Watson stated that 194 patients with carcinoma of the prostate gland 
were treated; 65 of these had undergone previous operations for the 
removal of the gland, 4 by the perinea! route and 61 by the suprapubic 
route, at a time varying from one to six years before entering the hos- 
pital. Of the 194 patients. 111, or 57 per cent, had carcinomatous 
infiltration of both seminal vesicles in addition to prostatic growth when 
they were admitted, whereas 30, or 15 per cent, had only one seminal 
vesicle infiltrated in addition to the prostatic growth. Twenty are now 
living, on an average of eleven months after beginning treatment ; 1 of 
these has lived ten years and four months, and another died after eight 
years and one month. In this group no proved cure has been obtaine . 

Smith and Mintz®" studied and reported 150 cases of tumor in die 
bladder. In this group, 117 operations had been performed, excluding 

38. Smhh, G. G., and Mintz, E. R.: Bladder Tumor, Am. J. Surg. 20:54 
(April) 1933. 
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simple ej-stostomies; 35 patiepts, or 30 per cent, died follotving opern- 
tion. Smitli aiid Mintz concluded that the grade of mahgnanc} o 
the tumor of the bladder has no demonstrable relation to its tendency 
to metastasize. Squamous cell carcinoma metastasized almost twice as 
frequently as papillary carcinoma. They stated that one important cause 
of the poor results from surgical treatment of carcinoma of the bladder 
is tlie long delay between the occurrence of the first symptoms and the 
patient’s entrance to the hospital. 

Smith and ^^lintz stated that a comparison of the results of resection, 


electrocoagulation and radium implantation gives evidence that the lonest 
number of deaths in the hospital is among patients treated by electro- 
coagulation (26 per cent) ; resection revealed the next low'est number, 
32 per cent, and radium implantation revealed the highest, 41 per cent. 
The end-results from these three methods were approximately the same. 
Smith and Alintz expressed the belief that no one method is suitable 
for all t)pes of carcinoma. The surgeon should be prepared to employ 
whichever method seems best in the individual case. 


Diverticulum. — Kutzmann*® stated that diverticulum of the urinary 
bladder is a disease that affects chiefly the male, and nearly always it 
is associated with such an obstructive condition as prostatism or urethral 
stricture. The incidence of diverticulum is as follows ; in urologic cases 
in general, 1.2 per cent; in cases of benign hypertrophy, 9.1 per cent; in 
cases of contracture and median bar obstruction, 16.8 per cent, and 
in cases of urethral stricture necessitating operation, 14.3 per cent. No 
definite clinical symptoms are noted, except, possibly, that if there is 
obstruction of the lower portion of the urinary tract with infection, 
an accentuation of the characteristic symptoms of the associated condi- 
tion is present. Kutzmann stated that diverticulum of the urinarj' 
bladder is the result both of congenital and of acquired anatomic factors. 
He also stated that this condition can be treated most satisfactorily 
by correcting the obstructing factors, diverticula being treated indi- 
vidually only when they are of the retention t)^pe or of large size. This 
nieth^ of procedure will give gratifying relief from symptoms which 
nave been intense and of long duration. 

Cyjfo^fomv.—Goldstein stated that emergency or early suprapubic 
cistostomy sboulcl always be performed when the catheter is o-iving 
nnsatistactorv- uriuarv- drainage, when the urethra or bladder iS’ ruo- 
uired. when the condition of the patient seems to be aggravated by the 


Divertkulum of the Urinary- BJadc 
^•^‘<5. Surp. Gyncc. ft Obst. 56:898 (May) 1933. 
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picsciicc of a urethral catheter and when patients with urinary obstruc- 
tion have sensitive urethras. 

Beer enumerated the underlying causes of persistent and recurring 
suprapubic fistula following C 3 ^stostomy. In the local group, the ouri 
standing causes arc improper surgical technic and partial prolapse of the 
vesical wall between the rectus muscles, gauze sponges left in the bladder^ 
contracted bladder, overlooked large, infected diverticula and disharmony 
between the sphincter and the detrusor muscles. In the peripheral 
group, the causes of fistula are unrelieved obstruction at the neck of 
the bladder, fibrous vesical neck, adenoma and stones or stricture in 
the urethra. In the third group, central, Beer stated that infected 
kidneys, infected hydronephrosis and tuberculous kidneys are the main 
causes. 

hi jury , — Stevens •*- summarized the histories of 8 women whose 
bladders had accidentally been torn or incised during the course of a 
pelvic operation. In 2 cases, injury to the bladder had occurred during 
hysterectomy; in 2 cases during h}'Sterectomy and salpingectomy, or 
oophorectomy or hysterectomy and both salpingectomy and oophorec- 
tomy; in 2 cases during salpingectomy and oophorectomy; in 1 case 
during tightening of the vesical sphincter, colporrhaphy, proctopexy and 
perineorrhaphy, and in 1 case during operation for excision of a sinus 
following cesarean section and freeing of adhesions to the uterus. The 
vesical wall was incised in 5 cases and torn in 3. Injury was detected 
at the time of operation in 7 cases and was not detected in 1 case; in 
these 7 cases, the wound was sutured, in 1 with drainage of the wound 
and in 1 with drainage of the bladder through a retention catheter. 
Convalescence was uneventful in 4 cases and prolonged In 3. Death 
resulted eventually from the vesical injury in 1 case as a result of 
bilateral pyonephrosis due to scar tissue obstructing the ureters follow- 
ing several attempts at repair of a vesicovaginal fistula. 

Stevens concluded that infection of the urinary tract should receive 
appropriate treatment prior to operative procedures. The bladder and 
its attachments should be handled carefully during pelvic operations. 
Although no serious consequences follow repair of the vesical wall 
in the majority of cases, when injury is detected at the time of operation, 
exceptions to this rule are not uncommon. In cases in which drainage 
is used, convalescence is considerably shorter. Accidental operative 
injuries of the bladder are not infrequently responsible for prolonged 
convalescence, and they occasionally are fatal. 

41 . Beer, Edwin: Postoperative Suprapubic Fistula: Analysis of Causes, 
Surg., Gynec. & Obst. 56:959 (May) 1933. 

42. Stevens, W. E.: Female Bladder Injuries Incident to Surgery, California 
& West. Med. 39:388 (Dec.) 1933. 
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Injury FoUoidng Irradiation.— Dtzn*'' 

^vomen .4o were examined and treated for injunes of the bladder after 
irradiation of tire uterus. Both radium and the roentgen mys were 
used, although by tar the more intense radiation was delivered b} 
radium. The primary uterine diseases comprised a number of condi- 
tions, both benign and malignant. Radiologic treatment varied within 
wide limits; it preceded the onset of urinary symptoms m the average 
case by t\vo and a half years. Urinary symptoms consisted of frequency, 
dysuria and hematuria. Cystoscopic examination gave evidence of ulcer- 
.ation, anemic regions surrounded by intense inflammation or punctate 
hemorrhage. The lesion was situated in the posterior third of the vesical 
base in or near the median line. Diagnosis was based on the history and 
the results of vaginal examination, cystoscopy and biopsy. Treatment 
consisted of opiates for pain, lavage of the bladder with dilute phosphoric 
acid both transurethrally and by mouth, and instillations of mild silver 
protein and mercurochrome. 

Dean concluded that when one employs the accepted methods of 
treating carcinoma of the uterus with high voltage roentgen rays com- 
bined with radium applied within the cervix or body, the vesical base, 
in some cases, unavoidably receives sufficient irradiation to cause ulcera- 
tion. This possibilitj’’ must be recognized by all physicians who treat 
uterine carcinoma. Vesical injuiy occasionally follows the application 
of comparatively light doses of irradiation to relatively insignificant 
uterine diseases. .'V woman who has reached the age when carcinoma 
is liable to develop, who suffers with frequency, dysuria and hematuria, 
and who presents on cystoscopic examination an ulcerated condition of 
the bladder, may have either vesical carcinoma or a tertiaiy” reaction 
to irradiation. If an injury of the bladder due to irradiation is treated 
by irradiation, electrocoagulation, cauterization or by any of the other 
methods of treating carcinoma which are of a destructive nature, the 
results are disastrous. V'ith proper management, however, the end- 
results arc excellent in the majority of cases. 

Nerve Control— IsUvtz^* stated that changes in the spinal cord 
resulting in disturbed ner^’e control of the bladder may be due to spina 
bifida occulta. Laminectomy, with freeing of the cord from pressure 
ami traction, may relieve vesical symptoms. Laminectomy is justifiable 
>n the presence of spina befida occulta when chronic urinary^ retention 
with disteutiou of ureters and pelves coexists and no obstructive patho- 
logic change IS demonstrable. Uminectomy should not be carried out 
alone, although definite spina bifida occulta exSs?before 

th. bladder Following Irradiation of 
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tlic palieni, has reachcfl the age of puberty and then only after all other 
measures have failed. Mertz stated that of 6 patients who underwent 
ammectomy for spina bifida occulta, 2 were relieved of vesical symp- 
toms and 2 gave evidence of slight improvement, whereas 2 obtained 
no ap{)rociablc relief from symptoms. 

URETHRA 

I 'uaonv. — Counscller and Paterson reviewed the literature and 
reported 12 cases of carcinoma of the female urethra. Four of the 12 
patients were living five 3 -cars after treatment, and those who died had 
an average duration of life of twent 3 '-five and a half months; excluding 

1 patient who lived six 3 'ears, the average duration of life was sixteen 
months. The highest percentage of five year cures was obtained in 
cases in which radium and roentgen ra 3 's were used. Counseller and 
Paterson stated that obviously their series was too small to warrant 
conclusions with regard to results. 

Lazarus reported 3 cases of primary benign tumor of the urethra : 

2 of the growths were papillomas and 1 was a fibromyoma. Among 
tumors of the urethra the pol 3 'ps and papillomas represent epithelial 
tumors; the fibromyomas represent connective tissue tumors. Lazarus 
stated that pol 3 '’pi and cysts of the urethra are products of urethral 
inflammation rather than true neoplasms. Papillomas, although actual 
tumors, are frequently initiated by chronic inflammatory conditions 
within the urethra. Fibromas and fibromyomas are true neoplasms, 
the origin of which is not dependent on inflammation. The diagnosis 
of these tumors is usuall 3 '- made by inspection, either directly or through 
the cysto-urethroscope. Biopsy is frequently necessary for confirma- 
tion of the clinical diagnosis made by the eye. Lazarus said that 
the treatment consists of fulguration in cases of polypi, cysts or papil- 
lomas, or extirpation in cases of tumors of the connective tissue. 

EPIDIDYMIS, SEMINAL VESICLES AND TESTES 

Torsion of Sporindtic Cord. — O’Conor stated that most patients 
with acute torsion of the spermatic cord are seen first by their regular 
physicians who, as a rule, do not consider this condition in making a 
differential diagnosis. The diagnosis of orchitis, epididymitis or ‘‘acute 
hydrocele” is frequently made without proper correlation of history, 

45. Counseller, V. S., and Paterson, Susanne J.: Carcinoma of the Female 
Urethra, J, Urol. 29:587 (May) 1933. 

46. Lazarus, J. A.; Primary Benign Tumors of the Urethra; Report o 
Three Cases, Urol. & Cutan. Rev. 37:604 (Sept.) 1933. 

47. O’Conor, V. J. : Torsion of the Spermatic Cord, Surg., Gynec. - s . 
57:242 (Aug.) 1933. 
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after the onset of symptoms, it is necessary that the diagnosis be m 

at the earliest possible moment. • . i 

Torsion may occur at any age; it has been recognized short!) after 

birth, and O’Conor stated that in one of his cases it occurred when the 
patient was 68 years of age. Probably it occurs more frequently during 
childhood and adolescence. Torsion of the spermatic cord has been 
observed more commonly on the right side and, in slightly more than 
half of the cases, in incompletely descended testes. It probably is 
brought about by contraction of the cremasteric fibers; there must be 
abnormal attachment of the testis and a certain deficiency in make-up 
of the gubernaculum associated with a more or less capacious tunica 
vaginalis. This anatomic variation would not cause torsion; the tivist 
results from repeated contraction of cremasteric muscle bundles, strands 
of which may be anomalous. Therefore, the degree of torsion, that is, 
the number of half turns or full turns which the cord undergoes, depends 
indirectly on the freedom of the testis to be rotated inside the tunica 
and directly on the strength of the muscular contraction. 

O’Conor stated that at operation the pathologic changes are charac- 
teristic. The cord above the twisted segment contains either dilated or 
flattened and partially obliterated spermatic veins depending on the 
extent of their occlusion in the twist. The spermatic artery is always 
greatly dilated but, usually, pervious. If the condition is acute, the sur- 
rounding tissue is edematous and, if chronic, it is adherent and fibrous. 
In acute cases, the tivist occurs from without inward among more than 
two thirds of the patients. In the recurrent cases, no definite rule can 
be formulated. The extent of the twist varies from one-half turn to two 
full turns, and the site of the trvist is always in that free portion of 
the cord which, covered by tunica vaginalis, suspends the epididymis 
and testis. O’Conor cited 9 cases, 5 of which were verified at operation, 
3 by the observations and subsequent course and 1 by the obviously 
^current type of the condition with gradually developing atrophy. 
Orchitis, as a clinical entit)^ except in association with epidemic parotitis 
)s an uncommon condition, and the term should not be loosely applied 
10 cxplim undiftercntiated scrotal swellings. Bearing in mind the char- 
acter, sue sudden onset oi torsion, with the more or less typical local 
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one of lavage of the vesicles, either by means of Belfield’s vasotomy or 
by the vasopuncture of Luys. Valverde prefers the latter, as it is sim- 
pler and gives soniewbat better results. Lavage is done under local anes- 
thesia with procaine ly'drocbloride or nupercainc, each vesicle receiving 
an injection of from 10 to 12 cc. of a 5 per cent solution of colloidal 
silver. In 8 of the cases there was a complication of simple funiculitis, 
which healed spontaneously. Valverde reported good results. The 
method can always be used successful!}'' except when intrapelvic obstruc- 
tions exist; under such conditions, the liquid cannot reach the vesicles 
and lavage must be done through the ejaculatory ducts b}^ urethroscopic 
catheterization. Records of Valverde's service revealed 340 patients 
with chronic spermatocystitis among the 1,200 patients of this private 
clinic, and 452 patients with this condition among 2,800 patients with 
genito-urinary disease at the General Polyclinic of Rio de Janeiro. The 
technic is simple, thougli it demands great care: The isolation of the 
vas must be complete and careful to the last degree, pains being taken 
to liberate it from all sheaths and adhesions. When, however, there is 
obstruction, the procedure is more difficult ; the vas must then be isolated 
over a distance of from 10 to 12 cm. in a search for a nonobstructive 
point. Puncture should be made in the middle of the canal, the hand 
of the operator following its direction rigorously. The injection must 
be made inimediatel}', as soon as the resistance of the wall is overcome 
by the entrance of the needle. Absolute rest in bed must follow the 
procedure, with opiates administered for three days. The drain is 
removed on the fourth day, and the patient gets up. Elimination of 
the colloidal silver is rapid for the first few days. Chronic spermato- 
cystitis transforms the seminal vesicles into foci of infection capable 
of harboring the infection for years. 

UROGRAPHY 

Swick proposed sodium ortho-iodohippurate (hippuran), a halogen 
derivative of a compound normally found in the urine of man, as a 
medium for excretion urography. On the basis of its use in more than 
200 cases, Swick has found the substance to be nontoxic, highly soluble 
and neutral in solution, and to yield satisfactory urograms. He stated 
that it possesses 38.8 per cent of iodine in stable organic union. lodism 
has never been observed. Generalized warmth and, occasionally, nausea 
and vomiting of very transient duration have been the only reactions 
noted. Thrombosis at the site of injection has not been observed. The 
compound is well tolerated and may be recovered from the urine as 
the insoluble acid. Rabbits were found to tolerate from 2 to 2.5 Gm. 
of substance per kilogram of body weight, administered intravenous y 

49. Swick, Moses: Excretion Urographj', J. A. M. A. 101:1853 (Dec. 9) 1933. 
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in approximately 30 per cent concentration over a peri<rf 

mmntes. Normally, Srom 90 to 95 per cent .5 “'"‘f 

hoars after injection, from 60 to 66 per cent during the first hotir and 

from 70 to 80 per cent during the first two hours, A solution ot this 

substance remains unchanged in color or reaction after stenliaation or 

on standing, and it may be prepared and distnbuted in sterile i lals read. 


ior use. . 

S^Yick stated that, tor adults, a dose between 10 and lo Gm. ot this 
substance dissolved in distilled water, in approximately 50 per cent con- 
centration, has been used. The injection should take about fiNe minutes , 
the first exposure should be made about ten minutes later, and two subse- 
quent exposures at twenty minute intervals. In cases oI functional 
derangement, particularly in the presence of obstructive conditions, addi- 
tional films are indicated to determine definitely the absence of visualiza- 
tion or the presence of late visualization. 

Swick stated that oral administration in man has also yielded satisfac- 
tory results. Of 25 cases, in approximately 50 per cent good diagnostic 
urograms were obtainable from ninety to one hundred and thirty- 
five minutes after administration. From 10 to 15 Gm. of the substance 
dissolved in approximately 75 cc. of simple syrup was given by ntouth. 
No reactions were noted. The only subjective sensation recorded was 
the salty, aromatic taste ot the solution. Fortj'-five minutes after taking 
the solution, the patient is placed on the urographic table, a moderate 
degree of compression is applied, and exposures are made sixb,', nineU', 
one hundred and twenty and one hundred and lift}’ minutes after inges- 
tion of tlie substance. Swick stated further that, in order to obtain 
clearly defined aird readable excretor)'' urograms, it is important to apply 
a moderate degree of compression over the region of the urinary bladder 
by means of an air-inflated balloon held in place by the canvas sheet 
of the compressing apparatus. 


Braasch stated that excretory urography should and will be 
employed as a routine in the diagnosis of abdominal lesions. He said 
that ns greatest handicap at present is in interpretation, but that this will 
become so standardized as to permit the method to be more generally 
employed. Its greatest value will be in determining the presence of 
stasis in the renal pelvis or ureter, in interpreting shadows in the upper 
part 0 the urinary tract and in giving fairly accurate estimates of renal 
tuncuon. Braasch also stated that it will always be an invaluable aid 

-a, cystoscopy and ureteral catheteri- 

- ■ on tvre unpossiblc or inadvisable. It should be of help in determining 
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by tliis routine procedure should be complementary to other urologic 
data, and in onl}' a limited field will it entirely replace former data. 

Ravasini stated that intravenous urography or, more correctly, 
urography by excretion of a shadow-giving- or contrast substance, is 
an addition to the diagnostic resources in urology. Coincident with 
the use of the newer preparations, the inconveniences and accidents of 
the older ascending or retrograde method have been overcome. In the 
majority of cases, the newer methods give information not only as to 
pathologic changes in the kidney, but also as to any alteration in its 
functional capacity. The detailed observations of Ravasini were based 
on 1,000 of his cases in which intravenous urography was employed. 
In addition, an analysis is made of a large number of cases reported 
by other Italian and many foreign urologists. Ravasini has studied the 
behavior of the normal and pathologic kidney in eliminating the contrast 
medium, nephrograph}' and the appearance and intensity of shadows 
and factors which show the relation between the intensity of the shadow 
and functional capacity of the kidney. He also studied the peristaltic 
movements of the renal pelvis and ureter and the manner in which 
intravenous urography yields valuable information as to both the ana- 
tomic and the physiologic condition of the ureter. 

Ward has had experience with pyelography by the descending 
route, or excretion urography, since 1929, and he has tested such chem- 
ical products as have generally been available for the purpose. Patients 
suffering from certain diseases are generally recognized as being unsuit- 
able for investigation by this method. In the great majority of other 
cases, the method appears to be harmless, but on genera] principles it 
would seem wise not to use it repeatedly on the same person. It can 
be employed safely for children, and its value here is obvious, as also 
in man)'^ other conditions in which catheterization of the ureters is 
impossible. With very small infants, it is difficult to obtain shadows 
of sufficient density for diagnostic purposes. Ward stated that descend- 
ing pyelography is a method of investigation that never fails to give 
valuable information when any disease of the kidneys and ureters exists. 

By means of this method, the health of these organs can often be estab- 
lished with great precision. It is also of use, although to a lesser extent, 
in the investigation of some vesical conditions. It does not replace 
ascending pyelograph}^ ; the two are distinct and each has its own peculiar 
value. The former can almost always be employed ; it gives information 

51. Ravasini, Carlo: Pielografia per via discendente. Fifth Cong. Internal. 

Soc. Urol., 1933, p. 315. 

52. Ward, R. O. : Pyelography by the Descending Route, Otherwise Known as 
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„t the greatest value concerning the physiologic condition of the kidneys 
anfnrirs and in the majority of cases, depicts clearly tar anatom c 
condition as well; but the latter reveaU even better the 
of renal cavities and has the advantage tltat specimens of^ urine from 
each ureter can also be collected. However, its employment ,s not alw ays 
possible. Excretory urography makes it possible to study the actnitics 
of the kidneys and ureters while they ate in an entirely undisturbed 
condition, and one which is physiologic except for the stimulus to score- 
tion which occurs as a result of injection. 

Ward stated that when partial stasis exists the most intense shadow 
usually develops after thirty minutes. Faint and varj-ing shadow's in 
the kidney and ureters which appear and fade aw'ay early indicate health. 
Dense shadows of constant form are not normal ; they indicate a capacity 
to secrete, but a disorder in the conductive mechanism, and when late 
in appearance they give proof of impairment of the first of these tw'O 
functions alone. A healthy ureter is never found filled w'ith opaque 
fluid throughout its w'hole length at one time, the one exception to this 
rule being the ureters of the female during pregnancy. After his exten- 
sive study of this procedure, Ward stated that descending pyelography 
lias given an even greater contribution to urology by the manner in which 
it makes visible the actions of the ureters in health, and that when the 
ureters are diseased it always reveals this condition ; moreover, the results 
of operation on them and on the renal pelvis can he determined as was 
never before possible. 

LYMPHOGRANULOMA INGUINALE 

Cole ” stated that lymphogranuloma inguinale is a distinct granulo- 
matous entity involving the lymph nodes. After an incubation period 
of from one to several weeks, not necessarily accompanied by a primary 
sore, there results a chronic condition with the formation of buboes 
which eventually suppurate. The lymph nodes around the lower portion 
oi the rectum may be involved, the inflammatory reaction often resulting 
in strictures of the rectum. Cole said that the cause of lymphogranuloma 
inguinale is a filtrable virus which can be transferred to several of the 
lower animals. He stated that a specific diagnostic cutaneous reaction 
prci reaction) has been evolved, the emulsion material from unbroken 
mvolvcd nodes being used as antigen. Cole stated that patients with 
buboes who arc seen early respond comparativelv well to surgical exd- 
Mon of the involved nodes or to intravenous injection of a solution of 

anumony and potassium tartrate. This disease, he savs, is by no means 
rare m .Xmenca. ' 
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CAUDAL anesthesia 

Campbell stated that the results of caudal anesthesia in 83 boys 
parallel the observations of others in larger series of adults. In 67 
(80,7 per cent) eases, anesthesia was satisfactor}^ which means that 
instrumentation was painless; in 7 (8.4 per cent), it was partially satis- 
factory, instrumentation having been performed with some discomfort. 
Camjihell stated that the indications for, contraindications to and the 
administrative technic of caudal block are fundamentally alike for chil- 
dren and for adults. Among a great many children the employment 
of caudal block will eliminate general anesthesia. This is particularly 
desirable when the question of anesthesia delays or forbids the early 
establishment of the correct diagnosis and the institution of adequate 
treatment. In .this group, the ease of administration and the results 
strongly recommend caudal block. 

54. Campbell, M. F. ; Caudal Anesthesia in Children, J. Urol. 30:245 (Aug.) 
1933. 
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])ioj)oscd by Cottcrill - iji JS 99 , but it was modified by enlarging- the 
ciUaneou.s incision and bony defect upward and outward on the side of 
tlic tumor. Gradually the conclusion was forced on me that, after the 
other items in sjjace compensation had been put into effect, the bilateral 
bony defect was really contributing little, if anything, to the relief of 
pressure in the ])osterior cranial fossa. In further simplification, there- 
fore. the unilateral cerebellar a])proach is now proposed. It has been 
used in (he last four tumors of this character and with no less satis- 
factory ex])osure of the tumor than with the bilateral approach. Unques- 
tionabl}’ nothing can be nmrse than attempting to remove a tumor of the 
brain without j)roviding adequate room not only for the existing intra- 
cranial pressure and the ap/)roach to the tumor but for all postoperative 
edema that develops. Hut it is also clear that all superfluous room is 
obtained at the cost of the patient’s none too great physical reserve. 
If it is necessary to choose between too little and too much room, there 
can be no argument concerning the choice of the latter, but the best 
results are always obtainable 133- making the smallest approach that 
satisfies all needs. It will therefore be understood that, in suggesting 
the unilateral approach for cei'ebellopontile tumors, it is done with the 
full realization that inadequate provision for room is disastrous. 

I might also add that obtaining room in the standardized fashion 
through a bilateral cerebellar decompression is in itself frequently most 
injurious to the contents of the posterior cranial fossa, i. e., the cere- 
bellum and brain stem. I have in mind the great thrust backward of 
the cerebellum and brain stem when the dura is widely opened. The 
result of this is seen in the cerebellum, which is swollen from edema 
and internal hemorrhages and, s}’mptomaticall3% from the patient’s 
altered pulse and respirations. It is my feeling that many postoperative 
deaths are due to this injurj^ inflicted early in the operation. By the 
unilateral approach only the outer part of the cerebellum on the operative 
side can be extruded, and this part is excised in preparation for the 
exposure of the tumor. 


REDUCTION OF PRESSURE WITHIN POSTERIOR CRANIAL FOSSA 
How. then, is the increased pressure within the posterior cranial 
fossa reduced to the point of safety? 

Avertin Anesthesia. — First and perhaps most important is avertin 
anesthesia. Although the contents of the posterior cranial fossa are 
alwa3^s under high pressure from three factors — {a) the tumor itself, 
{b) the internal hydrocephalus and (c) contiguous edema of the cere- 
bellum and brain stem— an additional amount of pressure of variable 
but always important degree resulted when ether was used as an anes- 
thetic. The absence of this effect with avertin has been commented 


2. Cotterin, J. M.: Remarks on the Surgical Aspects of ^ 
lopontine Tumor by Bruce. Tr. Med.-Chir. Soc., Edinburgh 18:215, 1898-189 . 
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on elsewhere. It has greatly reduced the hazards of all 
tumors of the brain and has also permitted the exposure of tutors 
such smaller cranial defects. In hypophyseal tumors, for example, tl 
opening in the bone is now one third or less than was require n le i 
ether was in use. The proposal to reduce the cerebellar approach to 
approximately one third of the former amount is only m keeping uith 
the improvement made possible in hypophyseal operations, ^^'lthout 
avertin as an anesthetic, the methods of space reduction that follow 
would doubtless be insufficient. 


Tapping of a Lateral Ventricle.— W^hen a lateral ventricle is tapped 
until the ventricular fluid ceases to flow, the supratentorial pressure is 
reduced to that of the atmosphere (ftg. 1). This procedure, probably 
first introduced by Krause of Berlin, greatly relieves the pressure in 
the posterior cranial fossa. It is now quite generally used by surgeons 
in all operations for tumors below the tentorium. Without it all cere- 
liellar operations would be dangerous when a high degree of pressure 
obtains. By gentle and stead}’ pressure on the exposed dura an 
additional amount of fluid is obtained from the lateral ventricle, and 
in exactly this amount the subtentorial pressure is still further reduced. 
The latter method of relief must be used with great caution, for the 
Iiressure is likewise on the medulla, which above all else must not suffer. 
It might be added that in the unilateral approach the pressure is exerted 
more directly on the tentorium and less directly on the medulla than 
when all of the bone is removed in the bilateral exposure. Rather than 
incorporate the ventricular openings in a high occipital incision, as many 
operators prefer. I make two independent horizontal incisions (fig. 1 .^). 
exactly as for ventriculography. By so doing the transverse incision 
can be made very low, i.e., below the inion, and a big, overhanging 
cutaneous flap can thus be avoided. 


Evacuation of Fluid from the Cisterna Magna and Spinal Canal . — 
In nature's efforts toward space compensation for tumors in the posterior 
cranial fossa, the cerebellar tonsils are usually forced into the spinal 
ca>\al. thus obliterating the cisterna magna entirely or in large degree. 
It might appear that this source of room, i.e., obtained by evacuating 
the fluid in the cisterna magna, which is of such great service in 
attacking the cranial nerves, would then be denied the operator on cere- 
heUopontde tumors. The membranous roof of the cisterna is more dif- 
iKuIt to reach, and the evacuation of the cisterna is not so spontaneous 
nttcr u l^as been opened, but by gentle retraction on this part of the 
cerebellum the arachnoidal covering can be pricked and the tonsil 
elevated sufficently (fig. 1) to permit the release of a large amount of 
fiind uub proportumatc covering of the pressure below the tentorium 

hxcrswu of the Outer Cap of the Cercbelhnn.-Thh procedure 
nnpnnnut in two ways: („) It still further reduces . 
l"-^uu- wnluu ihv posterior cranial fossa, and (Z,) the iumor''' 


IS 
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"> i- 'vi*oM elevation of 

.,„V, . f. . f """'S of imimnaitce arc (c) that postoper- 

■ C( cilia o the cerebellar lobe from traction is avoided, and (d) that 

a.i.|.le rooii, IS provideti for any decree of jiostoperative edema tha ...ay 
ensue (fis^. I). •’ 



Fig. 1. — A, the relative exposure used in the removal of cerebellopontile tumors 
by the unilateral approach; 1, the method of releasing the supratentorial pressure 
by puncture of the posterior horn of the lateral ventricle; 2, further release of 
pressure in the posterior cranial fossa b}' evacuation of the cisterna magna in the 
spinal canal ; S, final stage by the resection of the outer cap of the cerebellum. 

Apparentl}'^ there are no permanent effects from removal of this part 
of the cerebellum, the weight of which averages about 15 Gm. (fig. 4). 
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First suggested by Frazier = (1905), this method was rather harshly 
criticized at the time and until recently gained only a few adherents. 
It is an essential part of the unilateral operation. Cerebellopontile 
tumors can be removed by the bilateral operation without excision of 
the outer cap of the cerebellum, but even then to remove it makes the 
operation easier and the risk to life and function less, ^^'ith the unilateral 
approach, removal of the tumor could hardly be attempted without this 
expedient. For its success the unilateral approach is indeed dependent 
on all of the methods of space reduction. It has been used in the last 
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that the ])ostoperativc course is smoother and more secure; never have I 
seen lecunence of such a growth as must alwa^'s obtain when the interior 
of the tumor is removed. J hrcc of the 2 :)atients operated on by the 
unilateiai approacli are living and well. One of these was a decrepit 
uonian, aged 62. Idad a bilateral operation been performed, complete 
cxtiri)atiou of the tumor would hardly have been possible. The last 
patient, wlio died, had the largest tumor of this type that I have seen 
(66 Gm.). She was comatose and badly dehydrated and had long 



Fig. 3. — The operative scar following the removal of the acoustic tumor by 
the unilateral approach. Ten days after the tumor’s extirpation a spinofacial 
anastomosis was made by an incision in the neck. 


been blind. Earlier experiences were sufficient to prove that she could 
not survive a bilateral operation with complete removal or only partial 
extirpation. Up to the present comatose patients with cerebellopontile 
tumors have presented an insuperable problem. Perhaps with smaller 
tumors the unilateral approach may offer a degree of hope. Even wit i 
a tumor of this size the operative attack was at no time handicapped 
by lack of room or by intracranial pressure. 



r.— l-rapTHMUs oi the interior tumor were removed with the curet, after 
^^\v■Lh ihc rtmainins nuhhiit (the largest fragment) was gently withdrawn from 

iHil m ;\ic 
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It cannot l)c claimed from this small series that a bilateral approach 
may never he indicated ; certainly the need for it would appear to be 
excei')tional. 1 f the dural pressure is excessive after the release of 
ventricular fluid, one can continue the incision into the bilateral form 
without loss. 'J'he onl}' difference between the unilateral approach used 
in trigeminal neuralgia or Meniere’s disease and that in tumors of the 
ccrehcllopontile angles (fig. 3) is that the bony defect is increased some- 
what toward the foramen magnum (fig. 1) in order to expose the 
restricted cisterna magna more easily, and toward the tentorium so that 
am- tentorial \-ein may be .safeh- thrombosed and divided when the cap 
of the cerebellum is being excised. 
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I, is the purpose oi this paper to preseut an accurate method of 
studviug muscular contraction and its significance to ga.t m the normal 
person and alter transplairtation of muscles. The principles of these 
studies are found in Dr. Arthur Steiudler’s comprehensive lectures on 
niyokinesiologj' and the work of Dr. R. Scherb. I shall briefly review 
the anatomy and physiology of the muscles of the thigh and outline 
the mvokinesiolog}' of the knee and the structures about it. These 
subjects are intimately related and are essential for an adequate dis- 
cussion of transplantation of tendons. I have designed an instrument, 
the myokinesiometer, for the purpose of accurately recording muscular 
action in gait. The record obtained with the myokinesiometer shows 
liie time and the extent of muscular contractions as compared with 
i-arious phases of gait. I believe that the findings can be applied to 
orthopedic surgery, especially in cases of muscular imbalance as found 
in infantile and spastic paralysis. The myokinesiometer can be used 
for the examination of the majority of the muscles of the extremities. 

I have examined a series of normal persons and have compared my 
findings with those of Scherb. I have also examined a series of patients 
who have had transplantation of a tendon in the thigh. Observations 
were made to determine the action of the transplanted muscle and 
whether or not its action changed in relation to the gait after 
transplantation. 


AX.ATOMY 


In spue of the fact that the knee joint is large and has a large range of 
uiution. it is remarkable for its stability. The large condyles of the femur 
articulate with the condyles of the tibia. The condyles are separated by 
two semilunar cartilages designed to produce a larger range of motion. 
1 Ik inner cartilage is C-shaped ; its anterior and posterior horns are 
separated widely from each other in the midline; its posterior one half 
K tirmly attached to the capsule; its anterior portion is attached near 
t K- cnictal ligament and the anterior articular surface of the tibia The 

’• together io 
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and consc()ucnlIy it allows for a greater freedom of motion. These 
cartiin.^^'S divide the joijit into an upper and a lower half. The entire 
joint, mchuhng the patella, is endosed in a large capsule. The capsule 
extends nj) on the anterior aspect of the femur to form a large pouch, 
i he capsule is lined witli synovia, which ])rojects into the interior of 
the joint, anteriorly and posteriorly. I he ligamentum mucosum and 
ligamcntum alare are formed b_v tlie projection of prepatellar fat back- 
ward into the joint, which carries the synovia before it. The crucial 
ligaments i)ush the syno\'ia forward from the posterior aspect of the 
joint. The crucial ligaments arc situated in the intercondyloid space. 

The posterior crucial ligament runs from the posterior tibial spine 
to the median portion of the intercondyloid notch. The anterior crucial 
ligament runs from the anterior tibial spine to the lateral part of the 
intercondyloid notch. The anterior crucial ligament is longer than the 
])osterior one. These ligaments aid in the stability of the knee by check- 
ing certain motions in all positions of the knee. The anterior crucial 
ligament becomes taut in extension, and the posterior crucial ligament 
becomes taut in extreme flexion. The lateral ligaments aid more in the 
stability of the knee than do the crucial ligaments. 

On the anterior asj^ect of the thigh in the region of the knee is 
the quadriceps femoris. This muscle comprises a group of four; the 
(1) rectus femoris, (2) vastus lateralis, (3) vastus medialis and (4) vas- 
tus intermedins. The four muscles converge toward the patella and are 
inserted into the tubercle of the tibia. The patella is a sesamoid bone 
in the quadriceps tendon. Immediately above the knee the rectus femoris 
is superficial. The vasti lie on either side, and the vastus intermedins 
envelops the femur and is concealed by the other muscles. The rectus 
femoris has a double tendinous origin ; ( 1 ) the straight head arises from 
the anterior inferior spine of the ilium, and (2) the reflected head arises 
from a rough groove on the dorsum ilii just above the highest part of the 
acetabulum. The vastus medialis arises from the distal two thirds of 
the linea aspera. The vastus intermedius arises from ( 1 ) the proximal 
two thirds of the body of the femur on the anterior and lateral surfaces 
and (2) the distal one half of the linea aspera. 

The sartorius has its origin at the anterior superior spine and is 
inserted into the tibial tubercle. 

The semitendinosus arises from the ischial tubercle and is inserted 
(1) into the medial side of the body of the tibia just distal to the medial 
condyle and (2) into the deep fascia of the leg. 

The semimembranosus arises from the superior and lateral facet 
or the ischial tuberosity and is inserted into the horizontal groove on 
the posteromedial aspect of the medial condyle of the tibia. 

The biceps femoris arises by its long head from the inferior an ^ 
medial facet on the sciatic tub.erosity and from the sacrotuberous iga- 
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r ( \\ tUp entire lensth of the lateral 
ment. The short head arises from (1) t 

dyUc^te 'riTmtirt We'al intermuscular septum. The 

"’“?;"thrs tmtt" mus 01 the os puhis an. is 
inserted too the medial surface ol the body of the t.b.a ,ust d.s.al to 

the medial epicondvle. . . , fa. 

In the cases studied in this report, the folloming principles of trans- 
plantation of tendons have been carefully observed ; 

1. Deformities should be corrected before transplantation by the 
breaking up of the adhesions and the severing of ligaments by means 
of a wedge resection or other operative procedure. 

2. The mechanical arrangement of the transplanted tendon must 
be such that a straight line of pull is efficient, and the tendon acts in 
full force on its point of application. 

3. All of the slack of the tendon should be taken up by applying 
sufficient tension when the joint is in the position of correction. 

4. The anchorage of the tendon is important. The periosteal attach- 
ment is preferable to the tendon attachment. 

5. The transplant should not be in contact with a bony surface, nor 
should it pass through a small hole in a fascial septum, because it will 
become adherent and interfere with movement. 

6. The patient should be reeducated in the use of the transplanted 
muscle in its new position, or it may not function. 

7 . The choice of the proper muscle to be transplanted cannot be 
overemphasized. In acquired deformities the responsible cause is of 
significance whether it is spastic paralysis, infantile paralysis, partial 
paralysis, a stretched or contracted muscle or only a loss of muscular 
tone. With few exceptions, one group of muscles is paralyzed without 
other groups being affected. 

Certain aspects of the function of muscle obviously concern trans- 
plantation. especially in its relation to kinetics. The function of the 
muscles depends to a large extent on the size, shape and direction of 
the muscle fibers as well as on the shape and length of the involved 
bones. The muscles have physiologically adapted themselves to physical 
rcqinremnus. such as speed and strength. The long, narrow muscle is 
adapted tor speed, whereas the short, thick muscle is built for strength 
- luscular action is modified turtlier by various mechanical arrangements 
<u the lever arm of the muscle, i. e., by changing the perpeLicuiar 
m.a,Hv iron, the point of application to the center of motion pTo' 
< k< all o, the other factors remain equal, a muscle will be capable of 
. Liter s 5 H-ed per uun ot contraction if tlie muscle is attached close to 
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tlic junu. There is an example of this fact in the flexors of the knee. 
J he flexois run parallel to the fcnnir, and the}' are deflected in their 
course as they pass the ])asterior portion of the condyles of the femur, 
i he lever arm of the muscles is chau'jed because the condyles project 
considei <il)l} hacK'wai’d, and the tendons ncccssarilv take on a much more 
diattonal direction just before the point of application of the leg is 
reached. In the case of the quadriceps femoris a sesamoid bone (the 
]xitella) is incorporated in its tendon, which makes a larger angle of 
a])p!ication. 

Muscles arc arranged to work in groups, and the motion of the 
joint is dcijcndcnt on normal functioning musculature. In the course 
of a muscle more than one joint may be involved. The hamstrings are 
jiol}-articular because they span the hip and the knee joints. The vasti 
muscles are monarticular, as they act on only the knee joint. The 
gastrocnemius is a polyarticular muscle arising from two heads, one 
on either side of the femur above the condyles. The muscles about the 
knee joint are long because they must accommodate the large range of 
motion of the knee, for the individual muscle fiber is able to contract 
only from one fourth to one half of its length in the relaxed position. 
In the upright standing position the knee joint maintains a position of 
inward rotation of 25 degrees against the head and neck of the femur 
and of 30 degrees against the lower end of the tibia. The normal range 
of motion is about 130 degrees, i. e., 50 degrees of flexion to from about 
ISO to 186 degrees of extension. Flexion and extension take place in 
the sagittal plane. In certain positions, the knee has a few degrees of 
inward and outward rotation. 

Active insufficiency of the flexors of the knee joint as well as passive 
insufficiency of the quadriceps usually limits flexion. These conditions 
of the muscles are of importance in that they may influence treatment. 
The actual state of the muscle is accurately determined by myokinesio- 
graphic investigations. 

The quadriceps muscles are essentially the only extensors of the 
knee joint. This action is chiefly accomplished by the vasti muscles. 
The tensor fasciae latae assists. The rectus femoris is not able to accom- 
plish full extension under ordinary conditions. The extensor quadriceps 
is one of the most important stabilizers of the knee. When the knee 
is forcibly extended, the patella is drawn strongly upward by the quadri- 
ceps. The synovial lining and the fringes adhering to it are pulled out 
of the way of the condyles to prevent impingement. In this extended 
position the quadriceps muscles aid in stabilization. The anterior cap 
sule is too large and loose to do so. The lateral ligaments of the knee 
assist greatly in the stabilization of this joint in extension because their 
posterior part becomes taut in this position; Abducent and adducent 
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movements of the tibia against the letmtt are checked by 
ligaments These iigaments also check rotation tvhen the knee is in 
extension, but tvhen the knee is in fleition the lateral ligatnents relax, 
and rotation is possible. During flexion the points of insertion ot the 
lateral ligaments in the tibia and femur move closer together as the 
femur glides over the tibia. The lateral ligaments as well as the posterior 
capsule become loose, and rotary motion is possible. Rotary motion 
necessarily follows extension and flexion of the knee. In the beginning 
of flexion, the tibia is inwardly rotated against the femur. In extension 
the tibia is rotated outward in relation to the femur. In gait this is 
the case, for when the heel is placed on the ground, the pelvis swings 
forward, necessitating imvard rotation of the thigh, for the foot cannot 
rotate while it is firmly planted on the ground. Naturally, if the femur 
is rotated inward, the tibia is rotated outward in relation to the femur. 
The imvard rotation of the femur is primary, and the outw’ard rotation 
secondary. 

The action of the various muscles of the thigh is interesting, and 
a careful consideration of them is appropriate in this stud 3 ^ The action 
as compared to certain phases of gait will be considered later. 

Contraction of the quadriceps tightens not only the tendinous inser- 
tion, jinlling the patella upward, but also puts on tension of the entire 
anterior reenforcing apparatus of the knee, and thus aids considerably 
in the stabilization of the knee. The strength of the quadriceps is 
three times that of the combined hamstrings. 

ilie hamstrings flex the knee joint, but they can extend the joint 
if the leg is fixed and the pelvis is free to move uprvard, causing the 
thigh to be extended against the leg. 

The biceps act with a greater arm than do the inner hamstrings. 

1 he significance of this fact is that by so doing their action prevents 
a lockage of the knee when it is in full extension. Such lockage of the 
!<nee would occur if both muscles ran near the axis of the joint, in wdrich 
case little or no rotation would develop in the muscles. The tendons 
ot the hamstrings arc inserted posteriorly, laterally and medially to the 
lotnt. The inner hamstrings rotate the knee inward. The outward 
rotation is accomplished chiefly by the tensor fasciae. These muscles 
must work with the utmost cooperation and efficienev. When one muscle 
contracts, its antagonist must relax. The relation of the actions of 
-'>iHrgisuc and antagonistic muscles are graphically illustrated by this 
my.kmenc study. Scherh agrees with Codvilla in that the reciprocal 

- -m m he antagonists is controlled by the purpose of motion It the 

nn nl .icuon \\ hen a muscle is paralyzed, an interruption of the wave 

■ iNpuicnced. and a transplantation is necessary to fill the gap If 

- -^-rh-nned muscle takes the place of a synergist, it takeTon I 
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.s)-ncrgi.stic action. A muscle may also be transplanted to take on the 
action of an antagonistic muscle. The opposite antagonist and agonist 
lemain locked. One cannot take the place of another; they cannot fill 
tlieh- new function, which is strange to them in every phase of motion. 
It is e\ident that trans})lants depend not only on the mechanical and 
anatomic situations but also on the central nervous system. The myo- 
kmcsiogram can demonstrate when a muscle takes on not only a new 
function but a compensatory action. 

It is interesting and instructive to note that in the movement of 
any ])art of the body, in order to have proper coordination, the contrac- 
tion of the muscles or group of muscles is regulated by two sets of 
stimuli: (1) those arising within the fibers producing the contraction, 
and (2) those arising in the fibers of the antagonist group which is 
supposed to rela.K the latter, in that way giving the former group the 
power to function properly. For instance, when the extensors of the 
knee contract, messages pass from their muscle spindles, not only to 
the quadriceps motor cells, but also to the motor cells which control 
the opponent group of muscles, the hamstring flexors. If there is to be 
no loss of power, the work of the opposing groups must be coordinated 
with the utmost nicety. 

MYOKINETIC DATA 

The choice of the distribution of muscular power by transplantation 
•of a tendon should be made by kinetic investigation. This investigation 
must be accurately made, thereby determining the absence of individual 
muscles or muscular deficiency. A myokinetic study is necessary to 
obtain this required knowledge of muscular action of the lower extremi- 
ties in relation to the action of these muscles to certain phases of gait. 

In studying myokinetics from a clinical standpoint, the principles of 
inspection and palpation are followed. 

I have attempted to facilitate these observations by devising an instru- 
ment which I have named the myokinesiometer, constructed as follows: 

The myokinesiometer makes use of the principle employed in the microphone 
button of a radio. A similar button was made for my purpose by using a small 
brass pill-box inches (3.81 cm.) in diameter and inch (1.27 cm.) deep. A 
hole, 1 inch (2.54 cm.) in diameter, was made in the top of the box, and a mica 
window was placed inside. The mica window accommodates considerable motion 
and does not conduct electricity. A large flat copper terminal, 1 inch in diameter, 
was placed in both the top and the bottom of the box, with a terminal attached to 
the center of each. The terminals projected through the top and bottom of the 
box. The box was then filled with granulated carbon and closed. It was mounted 
on a small, light steel frame. Elastic bands, 18 inches (45.72 cm.) long, were 
muscles of the thigh. A lever, 6 inches (15.24 cm.) long, was fitted into the 
frame under the button so that the pro.xima! end would press against the terminal 
attached to the frame, so that the box and the frame could be attached to the 
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when the distal end was pushed up. A bolt, IV 2 inches long, was fitted into the 
distal end of the lever. The head of the bolt was one-halt inch wide and made 
slightly concave, so that it was more adaptable for fitting against a tendon or 
muscle. The head of the bolt is the part of the myokinesiometer which receives the 
force of the muscle during contraction. 

A slight pressure upward against the lever causes the lever to press against 
the bottom terminal. Variations in pressure against this button change the amount 
of current flowing through the button. The button with its frame is attached to 
the thigh by elastic bands. The elasticity of the bands is sufficient to prevent the 
influence of other muscles in the thigh (fig. 1). 

By means of an electric wire, 25 feet (7.62 meters) in length, the myokine- 
siometer was attached to a polygraph. The magnetic field about the coil fluctuates 
in accordance with the variation of the current from the myokinesiometer, A 
small light steel rod was suspended in front of the coil. As the magnetic field 



Fig. 1. — ^lyokinesiometer. 


changes in intensity the magnetic force is correspondingly altered. The steel rod 

£ 
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gaiU and it is difiicull without mechanical aid to observe just when these 
phases bc.^in and end. For this purpose a Scherb sandal, with modifi- 
cations necessary for the recordingf of the contractions, was constructed, 
as follows : ’ 

In the sole of tlie sandnl I inserted two flat switches, one in the inside and the 
otlicr ill tlie outside of tlic sole. A third switch was inserted in the heel. The 
.switch consisted of two pieces of tin inches square separated by thin rubber 
sheeting, care liaving been taken tliat the edges of the switch did not come in con- 
tact with each other. In tiic center of the switch a piece of rubber about one-half 
incli square was removed. This made it possible to close the switch by exerting 
a small amount of pressure over the switch, thereby bringing the two pieces of tin 
into close contact. When the pressure is removed the contact is broken. A 
signal magnet was provided for each separate switch. The switches were attached 
to the signal magnet by 25 feet of wire. This length of wire makes it possible for 



Fig. 2. — Sandal with electric switches in the sole. 


the subject to walk without danger of pulling the polygraph, with its attachments, 
from the table (fig. 2). Each signal magnet records the time the heel, the outer 
side of the sole and the inner side of the sole come in contact with the floor. The 
current from two dry cells operates the switches and the signal magnet. 

By obtaining these records it is possible to determine the various 
phases of gait. If the sandal is worn on the right foot, the beginning 
of the right swinging phase is marked when the switch on the inner 
aspect of the sole is released. The end of the right swinging phase is 
recorded by the closing of the heel switch. The two double support 
periods and the left swinging phase occur between the right swinging 
phases. The periods of double support are only momentary and are 
not especially significant (fig. 3). 

B}’ the use of this instrument and method it is possible to record 
accurately the contractions of the muscles. I examined fifteen persons 
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with normal gait and compared my results with those of Scherb. It 
is obvious that it is impossible to examine all of the muscles, as they 
are covered by other structures such as the psoas, popliteus and small 
rotatory muscles of the hip. Only a few muscles remain active throughout 
the swinging phases. The sartorius is active throughout the entire swing- 
ing phase and from the time the heel touches the ground to the time all 
three points have touched. In the swinging motion the sartorius is an 



Fig. 3. Complete set-up of apparatus. 


■ Knsoi. and m the support period it maintains extension but also holds 
t.d .n rendmess as an external rotator as the heel touches the ground 
^ gastrocnemius corresponds with the muscles of 

.actual autagonists can be determined of ^toost impor- 
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ranging impulses from tlic central nervous system. In order to decide 
on a transplantation procedure to replace a paralyzed muscle or to reen- 
foicc a weak or jiartially parah'zcd muscle, one must determine the 
natnie of the muscle to he tr.ansplantcd. The myokinesiometer will be 
a great factor in the proper selection of the muscle for transplantation. 
With it.s use. accurate information regarding muscular action can be 
determined without undue influence of the examiner’s judgment. 


I shall first discuss a scries of records of normal action of the muscles 
ahont the knee. The subjects chosen had no impairment in gait, and 
their muscular action was considered normal. A treadmill like the one 
Scherh used for his examinations was found to be a factor in producing 
abnormal gait; therefore it was successfully eliminated in this study. 
It was observed that subjects were afraid that they would fall from 
the treadmill when unsupported. A more serious objection to the tread- 
mill \vas that the rate of gait was not determined by the patient but 
by the speed of the treadmill. The subjects in this series walked at their 
normal rate of speed. This was regarded as essential in the proper 
analysis of normal gait. The myokinesiometer was used in the study 
of all of these cases. The graphs obtained are shown in figures 4 to 10. 
Only the muscles about the right knee were examined. Figure 4 is a 
record of the normal biceps femoris ; figure 5, of the normal inner ham- 
strings, and figure 6, of the normal quadriceps. 

The three phases of gait were determined on the graphs. Since only 
one special sandal was used, it was possible to show definitely one phase 
of gait — the right swing. The other phases were mathematically deter- 
mined. The period of right swing is shown on the graph by the space 
from the point where the switch under the inner side of the foot is 
released (line C on the graph) to the point where the switch in the heel 
is closed (line B). The making and breaking of the various switches 
in the shoe are indicated by notches in the respective lines on the graph. 
The line made by the heel switch extends in an opposite direction to 
that of the other two lines. 


The periods between the phases of the right swing necessarily con- 
sist of two periods of double support and one of left swing. It is 
reasonable to assume that the period of the left swing is approximately 
of the same length as that of the right swing ; therefore it covers about 
the same distance on the graph. If this distance (the length of the 
right swing) is measured in the space between the right swinging phases, 
the remaining distance is the length of the two periods of double support. 
Since there are two double supporting periods, the distance is divide 
b}^ two, and the actual length of each double supporting period is known. 
These various periods have been designated on the graphs by vertica 
lines in the appropriate places. 
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l-iS. 4.— Myokinesiograms oi normal biceps femoris; A, line showing the 
nnivck- c<nu faction ; B, line showing the time when the right heel is bearing 
C, line showing the time when the forward outside portion of the foot is 
Ixarine weight, and D, line showing the time when the forward inside portion of 
the !\,,t 1 ' iH-anng^ weight. In this and the remaining charts D.S. indicates 
o v.hk .unh'-rt ; RS.. the right swing, and LS.. the left swing. The dotted line 
’K.K'.'.tev flu time interval; each space denotes one-tenth second. 
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J I.C «,b,ccls M, tliosc oxaminatioils waited at a normal rate of speed. 
1C pcnod o( double support is short in normal gait. In this series of 
ca.scs ,l varied from 0.02 to 0.12 second. In ScI.erb's examinations 



the period of double support necessarily had to be longer, because his 
patients walked slowly in order that he might palpate properly; conse- 
quently the action in normal gait was unobtainable. There is a great 
deal of individual r-ariation in muscular action, as shown by the 
m3mkinesiograms. 
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In spite of the enormous iiulividua! variation, certain features charac- 
terize tile itidi vidua! muscles. It was found to be feasible to examine 
the quadriceps muscles as a group because they have a common inser- 
tion. I he quadriceps relaxed during the period of right swing, and 
began to contract strongly during the period of double support after 
tlie right swing or during the first part of the left swing. Individual 
dilTerences were shoum by slight variations in the periods of contraction, 
as comjiared with certain phases of gait, and also by the intensity of 
the muscular action during the contraction wave. The period of time 
that the jiatient bore weight on I'arious parts of his foot also varied 
considerably according to the individual and the speed of gait. The 
actual significance of this observation has not been determined. 

Dr. J. T. McClintock suggested that the hamstrings might affect 
the record of contractions because the elastic band was fastened com- 
jilctely around the thigh. In order to evaluate this, I strapped the 
myokincsiometer to the thigh with adhesive tape. This resulted in no 
difference in the record. The elasticity of the bands around the thigh 
Avas sufficient to rule out the possible influence of the hamstrings. 

The findings recorded by the myokinesiometer do not show the 
regular smooth contraction which Scherb determined by palpation but 
individual A^ariations in intensity and time of action. 

Examination of the gracilis, semimembranosus and semitendinosus 
gave results corresponding Avith the findings of Scherb, but individual 
A-ariations Avere again marked. Graphs S and S in figure 5 shoAV the 
extremes in individual contractions. The period of the muscular con- 
tractions usually began during the first part of the left swing and con- 
tinued through the periods of left SAving, double support and right swing. 
The period of relaxation began near the end of the right swing and 
AA^as completed during the period of double support foIloAving the right 
SAving. It Avas CAudent that the period of contraction of these muscles 
is extremely long. 

Graph S, figure 5, shows a Aveak contraction. This particular subject 
had poor musculature, and consequently, little contraction is noted on the 
graph. The inner hamstrings acted as iiiAA^ard rotators of the knee joint, 
as well as flexors ; under certain unusual conditions these muscles act as 
extensors. 

The biceps relaxed only during the period of double support fol on 
ing the right swing in the majority of the cases obserA^ed. HoweAcr, 
in a few cases relaxation occurred during the right swing. This fo ons 
Scherb’s observations closely. The contraction acts over a long peno 
of time, and is similar to that of the inner hamstrings in that it 
during the period of the left swing and continues through the 
of double support and the right swing. It rela.xes near the en o 
right swing. 
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The hamstrings are synergists and in relation to certain phases of 
gait are similar in action. It is obvious that as tar as nmscttlar acUon 
alone is concerned, they could be interchanged by transplantatton 1 he 
{act that the hamstrings can act as extensors under cerlant cnn<lu,ons 
and have a long period of contraction at the same time that the (jU.idn- 
ceps muscles contract makes them suitable for transiilantation to the 
quadriceps in cases of insufficiency of the extensor. 

The foregoing records were taken in series and are not from selected 
cases. They represent a few of the variations that occur. Lndoubtedh. 
it a large series of cases were examined, many intcrc.=ting variations 
would be shown. What influence these variations have on normal gait 
and in transplantation of tendons can be determined only by careful 
study before and after transplantation. 

Individual characteristics of muscular contraction can be determined 
only by delicate mechanical means and not by direct palpation, the 
method used by Scherb. These characteristics of muscular contractions 
are shown by the use of the myokinesiometer. .\ certain amount of 
care and technic must be used to obtain accuracy. The contact plate 
of the myokinesiometer must be placed directly over the muscle tendon. 
Furthermore, the plate must be adjusted so that with proj)er tension the 
slightest movement of the lever causes a motion of the recording pen. 

A few patients who bad had transplantations of tendons about the 
knee were examined in this manner with the myokinesiometer. One 
object of these examinations was to determine whether the transplanted 
muscle retained its original action in relation to gait or if it acquired the 
action of the muscle it replaced, thus the advisability of replacing a 
muscle by its antagonist. The records of cases of transplanted muscles 
are shown in figures 7 to 10. 

In case 1 (figure 7) the right biceps femoris was transplanted to 
the quadriceps tendon. The insufficiency of the quadriceps was due to 
infairtile paralysis. The biceps was unaffected by the disease. The 
action of the biceps was similar to its action in the normal position. The 
quadriceps worked strongly with the aid of this muscle. The inner 
hamstrings continued to act in their usual manner in spite of the fact 
that their synergist was transplanted. The patient also had considerable 
paralysis of the left leg. necessitating the use of a long brace. The 
patient walked with a marked limp, causing his gait to be slow, and 
lerefore the period of double support was long. The period of right 
swing was about twice as long as that determined in normal gait The 
op dotted line on the graph denotes the interval of time, each soace 
scSs" that each swing lasted about 1.2 

mnuJ y abnormal gait, the muscles retained a 

lomc '.nit Z r this patient still had a patho- 

> gmt. the transplantation of the biceps caused marked improvLent 
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Case 2 (n.mirc 8) was also one of infantile paral 3 'sis involving the 
quaflricops. 'J'he right tensor fasciae was transplanted to the weakened 
quadriceps. 'J'he tran.si)]anted muscle evidently aided little, if at all, 
for the action of the quadriceps continued to be weak. This patient had 
considerable shortening of the involved extremity. His gait was neces- 
sarilv awkward. He compensated for his insufficient quadriceps action 
by swinging his entire lower extremity forward. The action of the 



Fig. 7.— Myokinesiograms of the (i) biceps, (2) quadriceps ^ quadriceps, 
hamstrings following transplantation of the b.ceps transplanteo to the gna 


biceps femoris was abnormal m that a long facilitate 

during the right swing. Tins W-en 'y -s certain 

the extension of the knee, showm^ t-pristics of the muscular con- 

mechanical situations with the main ciarac^^^^^^^^ peculiar and perhaps 
traction wave reiiiammg intact. . hamstrings did 

contradictory to the forego, ng statement tl«t ‘he m 
not show a similar period of relaxa ion. J> f f „,,hed with a 

was not determined in this case, because the pattern 
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smaller step on the right than he did on the left. In a case of this 
sort a sandal on each foot would he necessary to detennine accuiate!} 
the double supporting period. Transplantation of the tensor fasciae lias 
been practically discontinued, ibis patient would ha\c icceired mote 
benefit, I believe, from a transplanted biceps femoris. 

Case 3 (figure 9) was one of spastic hemiplegia. The right biccp.< 
femoris was transplanted to the insufficient ciuadriccps. Graph .4 show '• 



^ ^fyokinesiograms of the (1) biceps femoris, (2) quadriceps and (j) 
er hamstrings following transplantation of the tensor fasciae to the quadriceps. 


a relaxation between the right swing and the left swing, with a sharp 
contraction at the beginning of the left swing and no relaxation between 

Dort'" the period of double stip- 

occur Tw f "" dissociation of muscular function did not 

the nwient-’'’ contraindicate transplantation, for 

ton! • 'l-dnceps actio! was 

IS a matter of conjecture whether or not the small elevation 
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in the center of tlic quadriceps wave was due to the action of the biceps 
contraction, especially since it occurred at almost the same time that the 
biceps made a_ violent contraction. The inner hamstring showed a 
marked relaxation between the right swing and the left swing. This 
contractioii wave was similar to that of the normal inner hamstring in 
case 3. ^ 'i'he spasticity apparently did not make itself evident in the 
contraction wave. 



Fig. 9. — Myokinesiograms of the (i) biceps, (2) quadriceps and (i) inner 
hamstrings, following transplantation of the biceps femoris to the quadriceps. 


Case 4 (figure 10) was another instance of spastic paralysis. The 
left biceps femoris was transplanted to the quadriceps. The biceps again 
showed the usual contraction wave, and this fact further supports the 
contention that dissociation does not take place. The quadriceps showed 
a rather weak contraction wave in spite of the fact that it was aided by 
a transplanted muscle. The patient felt certain that the operation had 
markedly improved her gait. The inner hamstrings had a more or less 
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normal action. The patient walked with both legs inwardly rotated and 
with slight flexion of the hip joints. 

It is unfortunate that more patients were not available for examina- 
tion in this study. In view of the small number of cases, sweeping 
conclusions cannot be made. Nevertheless, evidence has been obtained 
that the transplanted muscles retain their original or nearly their original 
contraction wave after transplantation. These factors arc of imj^ortance 



in transplantation of tendons nnrt „ i r . 
a muscle retains its original action inTeTar’ that if 

>t will be the muscle of choice for the r ‘Certain phases of gait, 

"-■•^^cient or paralyzed muscl" ^ ^ "i-g 

muscles in both spastic and infantile r> ^ transplantation of 
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transpIaiUcd. it dclmilcly aids (he action of the quadriceps, in spite of 
the fact that its original action continues. 

Isometric contractions make themselves evident in the records 
obtained hy tiic use of the )>iiI-box myokinesiometer, although from a 
pm el} theoictical basis this is not possible. In isometric contractions, 
a certain amount of slack and elasticity must be absorbed before the 
tendon is taut. W hen the tendon changes from a relaxed to a taut con- 
dition. or vice versa, enough motion takes place in the muscle or tendon 
to make a record on the graph. 

CONCOUSIOX 

A new instrument, the m)'okinesiometer, for the study of muscular 
function, has been described. In conjunction with this device, a sandal 
with special electrical switches was constructed to determine various 
phases of gait. The method outlined is useful in making the proper 
selcction of muscles for transplantation. Myokinesiograms obtained by 
the use of this apparatus show a variation in muscular contractions. 
Other points of academic interest can likewise be determined by the 
use of the myokinesiometer. 
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During the riventv-Bve year period from 1908 to 1932 inch, rive, 
121 515 patients were admitted to the wards and prnate ^\lng o m 
Children’s Hospital, Boston, and in this tiiwe 372 cases ol intussusception 
Avere encountered. This report is based on a study of these 3/- cases. 
In order to show the improvement in treatment of intussusception, 
analyses have been made for the first twenty year period, from 1 90S to 
1927, as contrasted with the last five year period, from 1928 to 193_. 
References were made to 63 of these cases in 1915 (Ladd) and to an 
additional 99 in 1925 (Ladd and Cutler). 


INCIDENCE ACCORDING TO AGE AND SEX 

Eighty-seven per cent of the cases occurred in children under 2 years 
of age, and 70 per cent in children between the ages of 4 and 11 months, 
Avith the peak of incidence in those at 7 months. The youngest patient 
was 17 days old, and the oldest of the series was aged 11 years. Table 1 

Table 1. — hicidence According to Age (372 Cases) 


Age Casas Age Cases Age Cases Age Cases 

1 month 1 10 months 23 19 months 5 4 to 5 years... 11 

2 months S 11 months 16 20montUs 3 5 to 6 years... 5 

3 months 10 12 months 4 21 months 2 6 to "years... 3 

4 months 21 13 months S 22 months 3 "to Syeaxs... 2 

3 months 44 14 months 3 23 months 1 S to 0 years... 2 

G months 46 15 months 2 24 months 3 9 to 10 years... 1 

"months 30 16 months 3 2to3years 12 10 to 11 years .. . 1 

Smooths 32 17 months 2 3 to 4 years ll 11 to 12 years... 0 

9 months 25 IS months 3 


shoAvs the distribution of the cases in age groups, and figure 1 graphi- 
cally illustrates these statistics. Figure 2 shoAVS the distribution of cases 
in the group under 18 months of age. The condition Avas found to be 
more common in hoys than in girls, the proportion being 226 boys (61 
per cent) to 146 girls (39 per cent). 


From tlic surgical service oi' the Children’s Hospital. 
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Unf 01 Innately, from the study of our material, no contribution has 
been made to the knowledge of the pathogenesis of intussusception, 
borne of the mvagmations were caused by inverted Meckel’s diverticula 
(14 cases), inic.stinal polyps (2 cases), enteweyst (1 case), lymphoma 



Fig. 1. — The distribution of ,372 cases according to age. 



Fig. 2. — The distribution of 307 cases according to age in the group under 18 
months old. 

of the ileum (1 case) or other lesions of the bowel. Yet these cases 
comprised only 5 per cent of the series. This leaves a large group 
in which there was failure to detect the causal factor. 

Fraser mentioned that intussusception is commonest among children 
of the poor because errors in diet are most frequent in this class. Our 
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studies do uot support Ws contention, tor tl,c incidence in patients tvl.o 
entered the private wing was approximately the same ,is m those « 
entered the public wards. In addition, the condition occurred most tre- 
quently in well developed and well nourished intants-olivmisly not 
those in whom dietar)' errors were common. 

Several tabulations appear in the literature winch show a shght \ 
higher incidence in December and in either April or May. presumably 
because festivities around Christmas and Easter lead to dietary indis- 
cretions. However, no appreciable increase during these seasons was 
tound in our series. 

Xo familial tendency was noted, for in only two families was there 
a second case of intussusception. 


T.'tiBLE 2 . — Types of fiitiisxiiscff'liou in 3/2 Cases 


Type of Intussusception Cofcs, per Cent 

Ileo-ilcal (entciie) 

Ileocolic 

Ileo-ileocollc 

Colocolic - 

Type not stated " 

Multiple intussusception (Senses) 

Retrograde Intussusception (1 case) 


T.able 3. — Poiuts of Origin of Intussusception in 3/2 Cases 


Leading Point 

Ileum— above the distal 1 foot 

Terminal ileum, ileocecal valve and cecum. 

.Ascending colon 

Hepatic flexure 

Leading point not stated 


Cases 


Xumber Percentage 


CO 

274 

C 

5 

27 


1C 

74 

1.6 

l.G 

0.7 


In 7 cases, intussusception occurred as a sequel to dysentery or infec- 
tious diarrhea. 


isrti) uc lUSSCSCEPTIOX 

Intussusceptions were listed as ileo-ileal (enteric), ileocolic (fig. 3), 
ileoMleocohc and colocolic, depending on the point of origin and the 
position to which the intsussusceptum had progressed.^ The ileo- 
ilcocohc form is that in which the ileum telescopes into itself first, after 
w nch the terminal portion of the ileum passes into the colon from a 
s^ccond leading point. A retrograde intussusception is said to occur 
n V at the tune ot death or impending death, but we have had 1 case 
ca retr ograde intussusception with recovery. Table 2 shows the 
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frequency of occurrence of the various forms and table 3 the points 
of origin. 

SYMPTOMS 

In this scries of cases of acute intussusception the onset of symptoms 
was characteristically sudden, and the mother could usually tell the 
exact time at which the child was taken sick. In a typical case, the 
infant while in excellent health suddenly cried out in extreme pain. 



Fig. 3. — A specimen of the common type of ileocolic intussusception, showing 
the ileum telescoped into the ascending colon; A, appendix; C, ascending colon; 
I, intussusceptum (ileum). 

"doubled up,” turned pale, sweated and vomited soon afterward. Such 
a paroxysm lasted for a minute, or two, and was followed by a period 
of relief. The attacks recurred at intervals of from ten to fifteen min- 
utes. Between attacks the child went to sleep or was playful and with- 
out complaint. In 82 per cent of the cases in this series there was a 
manifestation of pain, in 90 per cent there was vomiting, and in a high 
percentage there were sweating and pallor. Fever, however, was a less 
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common symptom, and its presence teas indicathe oi ions-continued 

vomitine and deh 3 'dration. m •„ 

Blood appeared in the stools in 88 per cent of the cases wulun 

twenty-fonr hours after the onset of symptoms. The first stool alter 
the beginning of the illness was often normal, since it rcprcsentcrl an 
evacuation of material that previously had filled the rectum. Latei 
stools contained mucus, mucus and blood or uniuixcd blood. 

The history usually suggested the correct diagnosis. However, 
when the child was seen in the early stages and between the paroxysms 
of pain and vomiting, his healthy appearance tended to make one disre- 
gard the story of the parent. Hence it was found that the history was 
very important whether or not the child looked sick. 

In the chronic and subacute forms of intussusception, pain was a 
less prominent feature, but was usually the chief complaint. Blood was 
often absent from the stools. Because of infrequent vomiting, dehy- 
dration was slight or absent. While the symptoms were of rclativcU' 
long standing, their mildness was demonstrated by the fact that the 
patients often continued in fairly good health. 


PHYSICAL PINDIKGS 

One of the most characteristic findings of intussusception in this 
study was its frequent occurrence in a well nourished and well devel- 
oped child. However, by the time the patient was seen in the hospital, 
he was pale and listless though in a good state of nutrition. When 
vomiting was of long standing, dehydration was present. In about 
one tenth of the cases the condition of shock was marked. Tw'enty 
patients were classified as moribund on entrj' and were in such extremity 
that 9 died before operation could be performed, and 4 others died 
during the course of immediate laparotomy. 

In 312 cases (84 per cent of the series) abdominal examination 
revealed the presence of a mass. This was poorly defined in some 
instances, but was usually a discrete, rounded or sausage-sbaped tumor. 
The mass was rather firm and was not tender (tender in only 6 
instances). Occasionally it was felt to increase in hardness during 
the attacks of pain. Since the great majority of the intestinal invagi- 
nations had proceeded into the colon the mass was found along the 
course of that organ. When the intussusceptum was in the hepatic 


flexure, it was sometimes difficult to detect because of the overlvins- 


Iner Palpation of the mass in the epigastrium or on the left side of 

advanced intussusception, was at times accom- 

Ijned by an empty right lower quadrant of the abdomen (Dance’s 
sum! bectincn ; : (.iJauce s 


signl because of the invagination of the 


cecum up into the colon. 
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When Uic history was suggestive of intussusception and when abdom- 
inal examination was unsatisfactory because of distention or because 
the child was fretful and uncooperative, we made it a rule to make an 
immediate examination under ether anesthesia. Before the examination 
was made, however, all preparations were completed for an immediate 
laparotomy. In 10 cases the tumor was felt only after the patient was 
thus anesthetized. 

The pal])ation of the intussusceptum within the rectal lumen in 106 
cases (28 per cent of the series) showed the value and importance of 
rectal examination. When felt with the examining finger, the advancing 
portion of the bowel had the general shape of an adult cervix uteri. 
Even though the tip of the advancing mass was not always encountered 
in the rectum, bimanual examination occasionally revealed a tumor 
higher up in the peritoneal cavity, which would have eluded detection 
by abdominal palpation alone. Shelley recommended bimanual palpa- 
tion with the bab}' held in a sitting posture, because the tumor will then 
usually drop down between the examiner’s fingers. In 4 cases the 
intussusceptum had proceeded so far that it protruded from the anus; 
in 2 of these cases the children were referred for “treatment of pro- 
lapsed rectum.” The differentiation between intussusception and 
prolapsed rectum could be made rapidly by passing the finger into the 
rectum between the intussusceptum and the surrounding anal sphincter. 
In prolapse of the rectum there is no such space to admit a finger. 

After withdrawal of the examining finger blood was detected in 183 
cases (50 per cent). In 11 of these no suggestion of rectal bleeding 
had been noted in the history. The blood appeared to be undiluted, 
intermingled with mucus or admixed with feces. Often it was described 
as appearing similar to prune juice. 

Fever was absent in patients brought to the hospital soon after the 
appearance of symptoms, but was present in those who had had symp- 
toms long enough to become dehydrated. 

ROENTGENOGRAPHIC OBSERVATIONS 

In the typical cases of acute intussusception, which formed the 
majority of this series, the history and physical findings led to a positive 
diagnosis and made roentgenographic studies unnecessary. There were, 
however, a minority of cases in which the symptoms or signs were 
atypical leaving the diagnosis doubtful. In this group an enema of 
barium sulphate, with fluoroscopic and roentgenographic studies, was 
a valuable aid. In 17 such instances 16 positive diagnoses were made 
by roentgenograms and confirmed by immediate laparotomy, in 1 
(ileo-ileal type) the roentgenographic findings were normal, but an 
intussusception was found at operation. 
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The main, typical observations made at roentgcvi examination fol- 
lowing a barium enema in ileocolic intussusception were: (1) obstruc- 
tion to the injection of barium; (2) a cupola effect or cupping in the 
head of the barium as it met the intussusceptum ; (3) a thin cylindric 
shell of barium around the intussusceptum (and inside the inlus- 
suscipiens) ; (4) possibly a palpable tumor at the site of obstruction, 
and (5) a remaining cylindric shell of barium surrounding and outlitting 
the intussusceptum after evacuation of the enema, 

Lehmann, in 1913, reported the first observations on detection of 
an intussusception by barium enema and roentgenogram, while Ashbury. 



Fig. 4.~Roentgenogranis made after the administration of a barium enema In 
colon. In the film on the right, taken after evacuation, the barium is shown 

ri^bt fla k 11 accumulations of gas in the 

o.in fiank are mdicative of intestinal obstruction. 


Stephens. Sussnian and others 
respective articles. 


treated this subject more fully in their 
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several publisliccl reports, notably those of Hipsley, Kock and Oerum 
and l\loniad, which favored the method of reduction by colonic injection 
of fluids. Arntzen and Helsted, Retan and Stephens advocated reduction 
by the injection of a barium enema under fluoroscopic observation. We 
are opj^osed to all such methods of reduction by colonic inflation. In 
those clinics in which this type of treatment is employed, a considerable 
number of the cases come to operation because of irreducibility or to 
make certain that complete reduction has been effected. Operation is 
therefore necessarily delayed, and the child is subjected to a procedure 
which depletes its narrow margin of reserve. By limiting ourselves to 
operative treatment a simplifleation resulted which appreciably aided in 
reducing the mortality. 

Various surgeons have employed the following types of operations : 
(1) reduction; (2) resection with anastomosis; (3) resection with 
double enterostomy (Mikulicz) ; (4) removal of intussusceptum 

through incision in intussuscipiens (method of Coffey, Maunsell or Jes- 
sett) ; (5) anastomosis around the mass, leaving the intussusceptum 
to slough out; (6) anastomosis around the mass and resection of the 
intussusceptum at a second operation, and (7) ileostomy, with resection 
at a second operation. 

Our series included examples of each of these except the last two. 

Since intussusception has been regarded as an urgent surgical 
emergency it has been our practice to perform laparotomy immediately. 
The average patient was admitted, operated on and put to bed within 
from forty to fifty minutes. When dehydration was marked, parenteral 
fluids were given before operation. The time required to admit, give 
dextrose intravenously and saline solution subcutaneously, and be ready 
_ior operation was rarely more than thirty minutes. 

The anesthetic used in all cases was ether. In some of the earlier 
operations an incision in the midline of the lower part of the abdomen 
was made, but since then a right paramedian rectus incision has been 
commonly employed, because the most difficult part of the reduction 
occurred in the region of the cecum or lower part of the ileum. Hence 
the incision was not made over the palpable tumor unless the mass hap- 
pened to be in the right lower quadrant of the abdomen. 

As far as possible reduction was performed intra-abdominally. This 
was done by a process of milking back, or "taxis,” by putting gentle 
pressure over the intussuscipiens with the hand and squeezing out the 
invaginated part. Unfortunate experience has shown that the intus- 
susceptum should never be pulled out, for if the intestine is friable, a 
rupture and peritoneal soiling result. In the region of the cecum and 
ileum the reduction often became difficult or impossible, and at this 
stage the mass would be delivered outside the abdomen. Continued 
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annular pressure ,vM, the hand and a strctchmg of the t e 

usuallv reduced the edema enough to allow complete rcducuon. A n h' 
cation of hot isotonic saline solution during the mampulnUou a.dcd the 
reduction. An intestine that looked bluish, discolored and 01 question- 
able viability often improved in a few minutes. 

In recent years attempts at reduction have been pcrsi.stcd m more 
than formerly, for continuance of this procedure was often svicccsstu . 
whereas early recourse to resection would undoubtedly have resulted m 
more fatalities. Not infrequently the serosa was accidentally split as 
much as 6 inches (15 cm.), but this did not prove to be a serious com- 
plication. A few quickly placed stitches of silk or fine catgut sufficed 
to bring the serosal edges together. Brown suggested deliberate incision 
of the serosa to permit reduction. 

Reduction was effected in 308 cases (83 per cent) . with a mortality 
of 27 per cent in the first twenty year period as compared with 12 per 
cent in the last five years. In conjunction with reduction the following 
procedures were done as indicated: 1. The ileum was drained in 9 cases 
when the intestine was of doubtful viability. In 2 of these, this rvas 
accomplished by opening a Meckel diverticulum. 2. In 7 other cases 
a Meckel diverticulum was excised. 3. In 13 cases the appendix was 
removed. 4. In 1 case the terminal part of the ileum was sutured down 
to the parietal part of the peritoneum in an attempt to prevent recur- 
rence. 

An appendectomy was performed twelve times during the first 
twenty year period, but only once during the last five years, for we have 
come to believe that nothing more should be done than is absolutely nec- 
essar}-. While removal of the appendix requires only a few minutes, it is 
an additional trauma which may lead to death in children who are 
extremely ill. Involvement of the appendix in the intussusception makes 
it reddened and swollen, but this condition must not be confused with 
appendicitis. Various authors have reported that they removed the 
appendix as a routine, believing that irritation from appendicitis induced 
the spasm which brought about the invagination. We place little credence 
in this view and do not believe that the appendix should be removed 
unless It IS gangreirous or its vessels are thrombosed. 

In babies under 1 year of age resection of intussusception has carried 
a high mortality. In 1921 Clubbe reported 2 successful resections and 
collected / .stances from the literature. He did uot include the reports 
0 Bsendrath and of Frank-the latter being the first to perform and 
record a successful resechou in an infant in this conntr,.. Without 
eaha nsttve search. 6 cases have been found recorded since 1921 brino 

l.on 1896. „p„rted the most evfensive resection, tvifh 
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removal of the terminal part of the ileum, the cecum, the ascending 
colon, the transverse colon and a portion of the desceiiding colon, fol- 
lo^\cd by a successful ileosigmoidostomy, Dowd, in operating on a 
5 day old infant, performed a successful resection in the youngest patient 
on 1 ccoid for this operation. But, as has been pointed out, reduction 
of the mortalit}' lies not so much in improvement in the teclmic of resec- 
tion as it docs in obtaining cases before resection is necessary. 

In our series .30 resections were done; in 16 there was an ileo- 
colostom}-. with 1 recovery, and in 14 there was a double enterostomy 
(Mikulicz' i)rocedure), with 1 recover}'. The 2 recoveries were in 
4 year old boys. 1 with symptoms for twenty-four hours and the other 



Fig. 5. — A specimen of an irreducible intussusception. In the photograph on 
the left the bracket at the top points out the ileum as it telescopes into the terminal 
part of the ileum, and the arrow at the bottom indicates the position to which the 
intussusceptum has advanced. The photograph on the right shows the lower por- 
tion of the ileum cut open to permit a view of the gangrenous leading point. 


with symptoms for three days." When resection was necessary, a double 
enterostomy was regarded as preferable to an anastomosis, though we 
have no figures to support the contention. 

2. Since completion of this article there has been a third successful resection 
with establishment of a double enterostomy. This was in a 4 month old boy w 
had had symptoms for forty-eight hours. One of us (W. E. L.) has per orme 
additional successful resection at another hospital, which is not inc u e m 
series. This was in a 3 year old child, in whom a lateral anastomosis w 

performed. 
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In 3 instances of unsuccessful resection with ileocolustomy the 
method used was that of Jesset or of ilaunscll ; that is : ( I ) sewinit the 
invaginating portion to the intussuscipiens with stitches plac«i arou i 
the ring or neck of entry; (2) making a longitudinal incision m ti c 
intussuscipiens (just distal to the line of suture), and (3) cutting oh 
and removing the intussusceptum through this oircning. The incision 


was used as an enterostomy in 2 cases. 

In 1906 Rutherford first employed an anastomosis— ilcocol ostomy— 
around the undisturbed mass, and Parry and Bullock rcjxjrtcd such 
operations in 1909 and 1920, respectively. IMontgomcry andMussil. 
in 1930, listed two successes with this short-circuiting operation, and 
substantiated their work by experiments on animals. e hare had 
experience with this procedure in only I case. The patient had an irre- 
ducible intussusception which originated from an intestinal lyinphonia. 
He recovered without event, but whether or not the intussusceptum 
sloughed out is not known, for it was never identified in the stool. The 
patient was discharged with the intestinal obstruction relieved, hut died 
three months later from a massive abdominal extension of the lymphoma. 

It is important to note that there have been fewer resections in the 
last five years, there being only 2 in the last 90 cases (2.2 jxir cent) 
as compared with 28 in the previous 282 cases (10 per cent). This 
reduction was due to three factors : First, in the last five years patients 
were referred earlier for treatment. Second, we became somewhat more 


bold in attempting and completing reductions which previously would 
have been termed irreducible. Third, experience showed that the intes- 
tine, though badly discolored and damaged after reduction, was fre- 
quently viable, whereas formerly such an appearance would have led 
to resection. 

Because of the high mortality resulting from reduction of an intus- 
susception and excision of a Meckel diverticulum at the same operation 
(5 deaths in 7 attempts), it was better, when possible, to leave the 
diverticulum till a second operation so that it could be removed with 
more safety (no deaths in 3 cases). 


In 16 cases the intussusception was found to he w'hollv or partialh 
reduced at operation. In all these cases the symptoms ^and physica 
findings had been unquestionable, and in each instance there was vascu 
lar congestion with edema in the terminal part of the ileum, the cecun 
and the ascending colon, which was interpreted as evidence of recen 
imiissiisception. Such a finding represents either a spontaneous reduc 
ion or a reduction attendant on manipulation at examination. 

The mortality in our series during the last twenty-five years ha 
a-en a continuous marked downward trend from 59 per cent in th 
firvt five years to 14 per cent in the last five years (fig. 6) 
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I'ACTOKS IN MORTALITY 

T-hc most important factor in reducing’ the mortality in intussuscep- 
tion is a reduction of the time between the onset of symptoms and the 
operation. This point has been demonstrated amply in other clinics and 
communities and too much credit cannot be given to Clubbe, Hipsley 
and other surgeons of Australia, who brought the mortality to amaz- 
ingly low limits by persuadiiig pediatricians and practitioners to refer 
cases of intussusception early. One has onlj’^ to compare the durations 
of symptoms of series reported in the United States with those of 
Australia and England to realize what is yet to be attained in this 



CASES 32 54 9t 105 90 

Fig-. 6. — Mortality rates by five year periods, including all 372 cases. 

country. Table 4 indicates the relation between the mortality in our 
series and the duration of symptoms, and figure 7 shows this relationship 
graphically. 

Various authors have stated that if the children are seen within 
from twenty-four to forty-eight hours after the onset of symptoms the 
results are good. In our patients seen in the first thirty-six hours the 
mortality was 21 per cent for the first twenty-year period, whereas in 
the last five years we have had 60 such cases with no deaths. 

Some of the reduction in mortality was unquestionably due to secur- 
ing the cases earlier ; formerly 52 per cent and recently 60 per cent were 
obtained in the first thirty-six hours. But improvement in the mortality 
rate has also been obtained by greater attention to postoperative care, 
for in table 4 it can be seen that in each of the time groupings (except 
one) there has been a reduction in the mortality in the second perio as 
compared with the first. 
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Patients from private practice have always had a lower mortality 
than ward patients. In the first twenty year period there were 30 
recoveries and 4 deaths, aird in the last five years there were 10 recov- 
eries and no deaths. In the private wing 80 per cent of the patients 
were seen within the first thirty -six hours undoubtedl}^ an important 
factor in decreasing the number of fatalities. 


Table 4.— Duration of Symptoms and Corresponding Mortality Statistics 


Duration ot Symptoms 

0 to 12 hours 

12 to 21 hours 

24 to 35 hours 

36 to 4S hours 

4S to <2 hours 

72 to 86 hours 

4 to Sdays 

0 days and more 

Time not stated 

Totals 


190S-1927 


Living 

Dead 

Mortality, 
per Cent 

55 

4 

7 

49 

16 

25 

12 

11 

40 

24 

27 

53 

15 

IS 

53 

6 

9 

CO 

6 

G 

50 

G 

8 

57 

5 

4 

40 

X79 

103 

37 


1K3-1K2 




Morinllty, 

Living 

Dead 

per Cent 

35 

0 

0 

20 

0 

0 

5 

0 

0 

4 

2 

ai 

3 

o 

40 

3 

4 

57 

o 

1 

no 

3 

4 

37 

2 

0 

0 

77 

13 

14 



19^7 and the c I'it r represents the period from 1908 to 

y-/, and the solid line the period from 1928 to 1932. 


tarn" Of the origin of the intussusception th 

tlK het th-ii'tw ^ mortalitj- was somewhat lower owini. t 

that n,e> gave early symptoms (rectal bleeding, etc.). Thi 
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increase m expectancy of death as the leading point approached the 
anus probahly depended on increasing tension on the mesentery with 
resulting shock, vascular occlusions and greater difficulty in reduction. 


PEftCCNT MORTALITY 



Fig. 8. — The relationship between the progress of the intussusceptum and the 
corresponding mortality rate, irrespective of the origin of the intussusception. 



temperature on hospital entry 

Fig. 9. — The relationship between the temperature on admission to the hospital 
and the corresponding expectancy of mortality. 

The degrees of temperature had considerable prognostic value. Fever 
at the time of admission to the hospital was a bad sign, and with tem- 
peratures above 100 and 101 F. the expectancy of death rose rapidly. 
This is illustrated in figure 9. After operation practically all patients 
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tad so,™ fever for ftaee or (our days rvhid. 

teurperalure if there were uo coutphca uous. P , 

€ven 104 F. was not unusual, but levels above lOo I . earned a ,ra 

and usually fatal prognosis. 


preoperative axd postoperative care 
Everything possible was done to expedite operation. In the average 
cases no preoperative parenteral administration of fluid was practiced, 
but in the presence of marked dehydration dextrose was administerec 
intravenously (10 cc. of 10 per cent solution of dextrose per pound 
of body weight) and saline solution subcutaneously (15 cc. of isotonic 
saline solution per pound of body weight). During operation a baby 
or young child was always wrapped with cotton batting to cover the 
arms, legs and chest completely. A hot water bottle was placed under 
the back to help prevent the loss of body heat. Atropine (witiiont 
morphine) was given preoperatively, 1/1.000 grain (0.00006 Gin.) for 
patients under 1 year, 1/500 grain (0.00013 Gm.) for those between 
1 and 2 years and correspondingly larger doses for older patients. Some 
English surgeons use heroic doses up to 1/150 grain (0.00043 Gin.) for 
infants, but we found no beneficial effect on the intestines from such 
doses, and hence employed the drug only for its action on the respiratory 
and salivary systems. 

If no fluids had been administered before operation, they were 
immediately given as a routine when the child was returned to bed. 
The administration of fluids was repeated twice daily until dehydration 
was overcome and until adequate fluid was taken by mouth. Usually 
the parenteral administration of fluids was not repeated after the second 
postoperative day, but we have repeated it daily for from four to five 
days when indicated. By rectal tap 5 per cent dextrose was adminis- 
tered on return from the operating room and every four hours through- 
out the first postoperative day. 


For the first postoperative day, or as long as there was vomiting, 
fluids without milk were offered ever}" two or three hours. After vomit- 
ing had ceased, milk and whey were given, mixed in equal quantities, 
for an additional eighteen to twenty-four hours. Breast milk or a 
substitute was then given, but the full caloric or volume intake for the 
age and weight was not given until the fourth or fifth day. English sur- 
geons offer the breast to suckling infants in from four to six hours 
alter operation, but we do not like to give whole milk at such an earlv 
timc, when there is danger of postanesthetic vomiting and aspiration. 

Poslotcratk-c Complicatmis.—Shozk, dehydration and toxicitv took 
he largest toll, and fully four fifths of those who died had these factors 
listed as the cause ot death. Because such conditions caused mostTf 
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tl7c fatalities, 85 per cent of the deaths occurred within forty-eight hours 
after entry into the hospital. 

Peritonitis accounted for 6 deaths. This figure would probably have 
been higher had more autopsies been permitted. Bronchopneumonia 
was the cause of death in 5 patients, 2 of these having had advanced 
pneumonia at the time of entry into the hospital. Two patients had 
evisceration of the intestines when the wounds broke open on the tenth 
postoperative day. The wounds were resutured, but both patients suc- 
cumbed one and two days later, respectively. Two other patients had 
poorly healing wounds, and because of impending evisceration the 
wounds were resutured successfully. 

Not infrequently diarrhea developed during convalescence. This 
was probably due to secondarj' enteritis, and since the traumatized intes- 
tinal tract was more susceptible to infection, strict precautions had to 
be taken to guard against exposure to patients with dysentery. When 
such a complication developed, the oral intake was reduced, sedatives 
were given and fluids were administered parenterally. 

SUBACUTE AND CHRONIC INTUSSUSCEPTION 

Subacute intussusception has been defined as that in which the 
symptoms last for from five or' six da}^s to two weeks, and the 
chronic type as that in which the symptoms last for more 
than two weeks. In the first group there were 15 patients, 5 of whom 
lived and 10 of whom died. Only 1 had any demonstrable cause for 
the invagination (cecal polyp, recovery). In the chronic class 4 recov- 
ered and 1 died, and none had any demonstrable etiologic factor. In 
the two groups 3 patients were 3 years and 9 months, 6 years and 1 
month and 9 years old, respectively, the remainder being 13 months 
old or younger. That these patients lived so long must have been due 
to the presence of incomplete intestinal obstruction and to the mainte- 
nance of the blood supply to the intussusceptum. Naturally, from only 
partial obstruction the symptoms were not so pronounced or so fulmi- 
nating as those from acute intussusception, in which the bowel was 
usually completely occluded. 

RECURRENT INTUSSUSCEPTION 

In 1932 Thorndike reported 5 cases of recurrent intussuception 
from the Children’s Hospital, Boston, and collected 75 more from 
the literature. He did not include the 9 cases of recurrent intussuscep- 
tion of Hipsley. Two other cases have been the subject of medical 
writings since then. With 2 additional cases which we have obser\ed 
there have been at least 93 such cases. 
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Tn none of the 7 recurrent cases in our series was a mechanical 
came fouad for tire intmsuaceptio.,. No death has occrrcd m the 
Sr rent cases. The time of recurrence varied from uvo months .o 
hree rears after the initial attack. Six of the pat.cnts had one recur- 
rence ’and in each ease only simple reduction was done. In one instance 
the appendix was also removed. The seventh pat.ent had one recurrence 
for which reduction was performed, but following this there nerc three 
attacks suggestive of intussusception, in each of which there was appa- 
rently a spontaneous reduction. At exploration after the last attac 
no etiologic factor was found. 

In the cases recorded in the literature the longest interval hciorc 
recurrence was eight years and the shortest interval was thirty hoiirs. 
The largest number of recurrences ever reported were in one of Hips- 
ley’s patients, who had six attacks after operative reduction. 

Because of the relatively low incidence of recurrence, 1.8 per cent 


in our series, we believe that no time should be wasted at the primaix’ 
operation in attempting procedures designed to prevent recurrence. .'V 
further reason for not undertaking any such operative procedure is 
the fact that a recurrence does not necessarily take place in the .same 
location as the original intussusception. Thus, in Gray’s case, with three 
attacks intussusception occurred in three different places. If there is any 
suspicion of an etiologic factor, such as a long mesentery, an abnormally 
mobile cecum, Meckel’s diverticulum, a polyp, etc., it is better, if possible, 
to correct such abnormalities at a subsequent date when the patient is 
in better condition. 


summaky 


Three hundred and seventy-two cases of intussusception are reported 
from the Children’s Hospital, Boston. 

Eighty-seven per cent of the patients were under 2 years of age, and 
70 per cent were between the ages of 4 and 11 months. Sixty-one per 
cent were boys and 39 per cent were girls. 

In only 5 per cent of the series were there demonstrable etiologic 
factors. 


The important and most frequent symptoms were attacks of abdomi- 
nal pain, pallor, sweating, vomiting and bloody stools occurring in a 
previously healthy child. The prominent physical findings were shock, 
dehydration, a palpable abdominal mass, blood from the rectum and 
possibly a mass palpable by rectal examination. Roentgen observations 
in t le ileocolic varietr- were characteristic, but roentgen study was not 
necessary m the average case of acute intussusception. 

tion'^hikT"^ OMr' «'^tion, and resection when reduc- 

‘ . Of oO resections only 2 were successful. During the last 

hTC yews, however, only 2 resections have been necessary in T JSs 
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of 90 cases. The mortality in all eases, in five year periods, has taken 
a continuous downward trend from 59 per cent in the 1908-1912 group 
to 14 per cent in the 1928-1932 group. In tlie last five years 60 cases 
were seen within thirty-six hours after the onset of symptoms and in all 
operation was j^erformed without mortality. 

It is believed that removal of a Meckel diverticulum or other cause 
of intussusception should be deferred if possible for a second operation. 

Various factors and their relationship to the mortality are discussed. 
'J'iiese include ranges of temperature, duration of symptoms, types of 
jn-actice (j)rivatc and charily) and location of the intussusception. 

The preo])erative and postoperative care are described. 

Twenty cases of subacute and chronic intussusception are included, 
with a duration of s^'mptoms varying from six days to eight weeks. 

Seven cases of recurrent intussusception are included, an incidence 
of 1.8 per cent, witiiout mortality. 
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As a result ol receut advances in physiologic chemistry. nian\ 
normal and pathologic processes are being considered from a chemical 
standpoint rather than anatomically or physiologically. A\nong these 
processes the formation of nerv bone in normal growth and in the repair 
of injury is receiving considerable attention. By certain writers, notably 
Leriche in France and Bancroft in this country, the process of ossifica- 
tion has been divorced from the influence of cells and is regarded as a 
purely chemical reaction which takes place extracellularly iit the tissues 
around a fracture. 

Accompanying this changing view is the tendency to explain non- 
union on the basis of a general deficiency of calcium and phosphorus in 
the blood or a local deficiency of these elements at the site of the frac- 
ture. Hence some Avorkers have attempted to influence the rate of 
healing of the bone by changing the concentration of calcium and phos- 
phorus in the serum either by an alteration in the diet or by the adminis- 
tration of parathyroid extract-Collip ; others have injected various salts 
of calcium and phosphorus at the site of fracture in the hope of 
accelerating the rate of repair. 

That the calcification of rachitic boire in A-itro depends on the char- 
acter of the serum used or on the calcium and phosphorus content of an 
aqueous solution Avas shown by Shipley, Kramer and HoAvland.’^ 
They found that normal serum far-ored calcification, Avhile rachitic serum 
did not permit it, and that calcification in an aqueous solution occurred 
most abundantly Avhen the reaction and the content of calcium and 
phosphorus Avere those of normal serum. Further experimental and 
clinical evidence as to the importance of the concentration of calcium and 
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phosphorus in the blood wns iJrovicled by Peterson." This author con- 
cluded f j oni detenninations of serum calcium and phosphorus in seven- 
teen cases of nonunion and nine case of fracture which united normally 
that ; 

i\o lic.nling of tlic fracture takes place when the inorganic constituents, 
calcium and pliosphorus, are so reduced that the product of these elements is less 
tlian tliirty; little healing takes place between tliirty and thirty-five; active healing 
results with a product between thirty-five and forty. 

He drew similar conclusions from a study of fractures in dogs receiv- 
ing normal diets and diets low in calcium and phosphorus. 

Further clinical and experimental evidence was submitted by Tisdall 
and Harris, who determined the serum calcium and phosphorus in 
normal human beings of all ages, in patients during the period of union 
of fractures and in dogs with fractures. These writers observed, “It is 
evident that a high concentration of phosphorus in the blood serum 
accompanies the deposition of bone salts during the periods of normal 
growth of bone and of repair of fractures.” They further concluded: 

In the healing of fractures, two mechanisms are at work; one concerned with 
the maintaining of an adequate supply of bone salts in the blood, and the other 
with the taking up of these salts from the blood, and their precipitation in the 
tissue between the ends of the bone. Of these, the latter is apparently the more 
important process. 

Other work has been reported which throws doubt on the significance 
of variations in the serum calcium and phosphorus in the healing of 
fractures. Henderson, Noble and Sandiford * determined the 
serum calcium and phosphorus in twenty clinical cases of 
ununited fracture which were compared with a series of cases in 
which there were no fractures. In both series the product of the values 
for serum calcium and serum phosphorus fell between 30 and 35. These 
authors stated : “It seems unlikely that bone formation is solely a ques- 
tion of physical chemistry. We are too imbued with the philosophy of 
Haldane to deny an important role to the bone forming cells themselves. 

An investigation of the effect of changes in the blood chemistry on the 
healing of experimental fractures in dogs was made by Ravdin and 
Morrison.^ Normal dogs were compared with those in which the serum 

2. Peterson, H. A.: A Clinical Study of Ununited Fractures with Special 
Reference to the Inorganic Bone-Forming Elements in the Blood Serum, J. Bone 
& Joint Surg. 6:885, 1924. 

3. Tisdall, F. F., and Harris, R. I. : Calcium and Phosphorus Metabolism m 

Patients with Fractures, J. A. M. A. 79:884 (Sept. 9) 1922. ^ 

4. Henderson, M. S. ; Noble, T. P., and Sandiford, K. : Ununited pactures 
with Special Reference to the Chemistry of the Blood, J. Bone & Joint Surg. 

8:607, 1926. , ^ ^ , 

5. Ravdin, I. S., and Morrison, M. E.: Ossification After Fracture, A - 

Surg. 17:813 (Nov.) 1928. 
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calduu. ^vas raised by the administration of parathyrmd ex^net or 
lon-ered by parathyroidectomy. These workers concluded ^U hare 
nit beenlwe to prognosticate the rate of osstficatmn ^fjer fracumc 
from the calcium and phosphorus product. Jrom the ion product or trom 

the negative logarithm of the ion product. 

A later study by Speed ® along similar lines led to almost identical 
conclusions. This writer produced alterations in the blood calcium and 
phosphorus by changes in the diet of dogs and by parathyroidectomy. 

By this operation a decided delay in the healing of fractures was pro- 
duced, but the dogs in which the serum calcium was raised or lowered 
by special diets showed normal healing. 

Dragstedt and Kearns ' reported experiments in wliich the repair of 
defects in the femurs of dogs was observed under three conditions, 
namely: (1) in normal dogs, (2) in dogs on which thyroparathyroidec- 
tomy had been performed and (3) in dogs to which parathyroid e.xtract- 
Collip was given. They concluded that thyroparathyroidcctomy delays 
the healing of a defect in the bone, although healing goes on at a normal 
rate if calcium is administered following this procedure. The adminis- 
tration of parathyroid extract-Collip in moderate amounts has little 
effect on the rate of healing, while large doses cause a definite impair- 
ment of healing. 

In a study by Stocker® of the metabolism of minerals in fractures 
the patients with normal union showed a hypercalcemia and a normal 
content of phosphorus in the serum. Similar results were obtained in 
the patients with delayed union, although the hypercalcemia persisted 
for a longer period in the latter. 

In the hope of influencing the rate of healing, many workers have 
injected various salts of calcium and phosphorus at the site of experi- 
mental fractures. Albee and Morrison ® injected a suspension of tri- 
calcium phosphate in a gap produced in the radius of a rabbit. The other 
radius, with a similar defect, seiu’ed as a control. The average length 
of time required for union of the fracture treated with calcium phos- 
phate was thirty-one days, as compared with the controls, which required 
an average of forty-two days. 

6. Speed, K. ; Blood Serum Calcium in Relation to the Healing of Fracture' 
J. Bone S: Joint Surg. 13:58, 1931, 

7. Dragstedt. C. .A., and Kearns, J. E., Jr.; Experimental Study of Bone 
cpair; Effect of Thyro-Parathyroidectomy and of the Administration of Para- 
thormone, .Arch. Surg. 24:893 (June) 1932. 

8 Stocken H.: The Aletabolism of Afinerals and Its Relation to Internal 
Secretion m Fractures, Deutsche Ztschr. f. Chir. 231:714, 1931 

9. Albee. F.H.. and Morrison, H.F.: Studies in Bone Grou-th: Triple Cal 
cnim Phosphate as a Stimulus to Osteogenesis, Ann. Surg. 71:32, 1920. ^ 
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Eden attempted to lieal an operative gap in the radii of rabbits by 
filling the defect with calcium phosphate or carbonate, but this proved 
to be an unfavorable filling material, because it was too difficult to absorb, 
lie obtained better results by filling the defect in the radius with a 
gelatin which contained calcium. 

Cretin “ found that the injection of the various mineral elements 
of bone between the ends of experimentally produced fractures resulted 
in a marked acceleration of the formation of callus and bone. Murray 
carried out similar investigations in which he filled a gap of 2.5 cm. in 
a dog’s radius with sterile powdered calcium carbonate and calcium 
phosphate, which was followed by solid bony union. The use of sterile 
powdered calcium hexose phosphate also proved successful, and union 
was even wore rapid if fibrin from the dog’s blood was placed in the 
gap before adding the calcium salt. 

The experiments of Rollo indicate that the injection of calcium 
glycerophosphate into the tissues around a fracture in rabbits serves to 
stimulate the formation of callus and bone. He found that this sub- 
stance facilitated the closure of the gap in partial diaphyseal resection, 
while in controls the evolution of the callus was impeded by the inter- 
posed muscle. 

A few surgeons have injected various salts of calcium and phos- 
phorus into human beings in the hope of securing an acceleration of 
bone repair. i\Iurray used powdered calcium triple phosphate and 
calcium carbonate mixed with blood to fill the defect following sauceriza- 
tion of an infected compound fracture of the tibia. Cotton injected 
salts of calcium and magnesium at the site of the fracture in a few 
clinical cases, but drew no conclusions from these trials. In addition to 
his previously described experimental work, Eden injected secondary 
sodium phosphate at the site of the fracture in three instances of 
delayed healing in human beings. Consolidation resulted in all of the 
cases, two of which presented fractures of the femur and one a fracture 
of the tibia. The same author injected calcium glycerophosphate at the 
site of a bone graft of the femur with a good result. 

In the injection of various substances at the site of fracture to 
stimulate ossification, the attempt has been made in most instances to 

10. Eden, R. : Untersuchungen iiber Vorgange bei der Verknockerung, Klin. 

Wchnschr. 2:1798, 1923. _ 

11. Cretin, A.; Etudes sur la calcification normale, Gaz, d. hop. 97:946, 192'. 
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13. Rollo, S.: Injection of Calcium Salts into Tissues Adjacent to Fractures 
under Pathologic Conditions, Ann. ital. di chir. 10:1059, 1931. 
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suoolv the elements ^Yhich make up bone in their natural proportion?. 
Some fcpul exists as to the state in which calcium and phosphorus 

occur in bone. The orthophosphate of calcium, ^ 

Ca (PO.)o is given by most textbooks as the formula for bone (Koscoc 
and Schoriemmer^«). According to Bogert and Hastmgs ' • com- 
position of bone can be represented by the formula CaCO,.n La,Ai uj.. 
in which n is approximately 2 in untreated bone. Quant^taUvc deter- 
minations of calcium and phosphorus in powdered bone (Shear and 
Kramer indicate that the probable formula for bone salts is CaTU O^. 
the dicalcium phosphate. As has been noted previously, the salts injected 
at the site of fractures include tricalcium phosphate, calcium ghcero- 
phosphate, calcium hexose phosphate, calcium carbonate, calcium in 
gelatin and secondary' sodium phosphate (NaJ-IPOj). In the present 
study use has been made of the three calcium phosphates (tricalcium, 
dicalcium and monocalcium) and of calcium glycerophosphate. 


METHODS 

An operative defect, between 0.5 and 1 cm. in length, was made in die radii 
of seventeen rabbits. One side served as a control, while the defect in the opposite 
radius was filled with a drj-, powdered salt of calcium and phosphorus. In a few 
cases, a suspension of the salt was injected at the site of the fracture a few days 
after the segment of radius was excised. The rate and extent of the callus forma- 
tion were observed in roentgenograms taken at weekly intervals following the 
operations. The animals were killed from three to ten weeks after operation, and 
a microscopic examination of each radius was made. 

The following salts of calcium and phophorus were used; 

Monocakium phosphate CaCH-POijs 4 experiments (17, 18, 20, 22) 

Tricakium phosphate Ca^fPOi)- 6 experiments (71, 72, 73, 74, 75, 76) 

Dicakium phosphate CaHPOt 2 experiments (77, 78) 

Calcium glycerophosphate 5 experiments (81, 82, 83, 84, 85) 


RESULTS 

The results obtained from these experiments are best considered 
under four headings, depending on the salt which was used. 

Moiwcaldmn Phosphate.— In rabbit 17 both defects became filled 
with new bone, although union was somewhat delayed on the side in 
uhich the defect was filled with monocalcium phosphate. In experi- 
ment 20 the defect m the left radius was filled with the salt at the time 
ot operation, while the defect in the right radius served as a control. 


16 Roscoe, H. E., and Schorkmmer, C.: Treatise on Chemistn- Akw Yort- 
Thc Macmillan Company, 1913. vol. 2, p. 557. 

S4:475^(Drc) Salts of Bone, J. Biol. Chem, 

TSriOr.^’lSs; of Bone, J. Biol. Chem 
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.1 he animal died twenty-three days later, at whicli time there was an 
extensive abscess in the left foreleg, and the muscles appeared necrotic. 
Roentgenograms (fig. 1) showed that the gap in the right radius was 
partially filled with callus, while no closure of the defect was seen in 
the left radius. Microscopic sections through the two defects (fig. 2) 
revealed an abscess at the site of the defect in the left radius, while the 
gap in the oi)positc radius was filled with cartilage and early callus. In 
experiment IS the defects were filled with bone chips on the right side 
and with monocalcium phosj)hate on the left. Union occurred in the 
former after twenty-one days and on the side containing the salt only 
after forty-two days. In the other case in which the salt was used, the 
rabbit (22) died on the third day with no evidence of healing in either 
radius. 

Tricalciimi Phosphate . — The results in the six experiments in which 
tricalcium phosphate was placed in the defect of one radius fall into 
two equal groups; In the first, which consisted of experiments 71, 72 
and 73, both radii healed in approximately the same length of time. 
The second group, which consisted of experiments 74, 75 and 76, showed 
complete although delayed healing of the defect in the radius in which 
tricalcium phosphate had been placed, while the other defect, containing 
no salt, failed to close. There was no variation in the methods employed 
in these six experiments to account for the difference in results. As 
an example of the first group, experiment 72 showed an equal rate of 
callus formation on the two sides, as revealed by roentgenograms 
(fig. 3), and in microscopic sections (fig. 4) both radii presented the 
same appearance. In the second group, roentgenograms (fig. 5) in 
experiment 76 showed a complete closure of the defect containing tri- 
calcium phosphate, while typical nonunion occurred in the opposite radius. 
Microscopic sections (fig. 6) substantiated the conclusions drawn from 
the roentgenograms. 

Dicalcmm Phosphate . — The dicalcium phosphate was employed in 
t\YO instances, in both of which union occurred in both radii at appro.xi- 
mately the same time. In one of these experiments (78), roentgeno- 
grams (fig. 7) showed that the defect in each radius was fairly well filled 
after three weeks and firmly united after six weeks. In microscopic 
pictures (fig. 8) the same appearance of complete restoration of the 
cortex was seen in both radii. 

Calcium Glycerophosphate . — This salt was used in fii'e rabbits, two 
of which died in less than one week. In the three rabbits which hhed 
until union occurred, the slight diflference in the rate of healing favored 
the side in which no salt was placed. Figure 9 shows the rate of healing 
as indicated roentgenologically, and figure 10 presents an almost identical 
appearance of the two radii eight weeks after operation (experiment 82). 



I'ig. 2. — Photomicrographs oi fracture site in experiment 20. In the section 
oi the left radius (L), A indicates necrotic muscle and B an abscess; in the section 
oi the right radius (/?), .d indicates cartilage and B old cortex. 




Fig. 4. — Photomicrographs of the site of fracture in experiment 72. A indicates 
marrow and B new cortex. 








Fig. 7. — Roentgenograms in experiment 78. 
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SUArMARV 

The role of calcium and phosphorus metabolism in the healing of frac- 
tures has long been a subject for discussion and investigation. Certain 
workers liaA'c emphasized the importance of calcium and phosphorus 
as found in the blood serum, while others have turned their attention 
more to the local concentration of these minerals at the site of the frac- 
ture. Concerning the influence of increased serum values, opinion and 
e'V’idence seem about equallj'' divided. On the other hand, an excess of 
the local supply of these salts is reported almost unanimously as accele- 
rating the rate of union. The present work has been limited to the 
influence of the latter when present throughout the period of healing 
of a defect in the radii of apparenth'' normal rabbits. 

After the use of three forms of inorganic calcium and phosphorus 
and one organic compound, healing was delayed in five rabbits and 
uninfluenced in seven ; two rabbits died in the first week after operation, 
and in three of the rabbits in which tricalcium phosphate was added, 
the healing was delayed on both sides, although complete union eventu- 
ally resulted on the treated side, Avhile the control defects went on to 
typical nonunion. The reason for this delay is not apparent. However, 
the conclusion seems justified that in certain cases of delayed union 
tricalcium phosphate is an aid to union. 

None of the calcium and phosphorus compounds used in excess 
seemed capable of accelerating the normal rate of healing. In this 
respect the results fail to follow the well recognized chemical law that 
increasing the concentration of the reacting substances speeds up the 
reaction. Because of this fact, it is probable that the process of ossifi- 
cation is more than the purely chemical equation which certain writers 
describe. 

CONCLUSIONS 

1. In normal healing under favorable conditions the continued 
presence of an excess of calcium and phosphorus at the site of fracture 
either did not influence the rate of union or retarded it. 

2. In delayed healing resulting from unknown causes the presence 
of tricalcium phosphate at the site of the fracture appeared to favor the 
union. 

3. In no case did the presence of monocalcium phosphate, dicalcium 
phosphate or calcium glycerophosphate have a favorable influence. 



COMPARATIVE VALUE OF INTRATEKOUS 
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In a previous communication, Garside and one of us (A. O.) 
reported the results ol studies on the effect of the intravenous injection 
of certain sclerosing solutions. The present paper is in reality a report 
of the continuation of that work, comprising a similar studj' of nine 
additional solutions. The twenty solutions in the first study and the 
nine in the present study include practically all the important drugs 
advocated for use in the treatment of varicose veins by injection and 
in addition certain new drugs that have not been used before for this 
purpose, either experimentally or clinically. Comparison of the results 
shows the relative value of the solutions in their potency as thrombosing 
agents producing changes in the walls of the veins. 

The solutions used in this investigation were 10 and 5 per cent 
solutions of sodium morrhuate (our own) ; 5, 3 and 2 per cent solutions 
of sodium gynocardate ; 5, 3 and 2 per cent solutions of sodium hydno- 
carpate, and a 5 per cent solution of sodium morrhuate (Searle). Our 
own sodium morrhuate was prepared in the chemical laboratory of the 
department of surgery. The solutions of sodium gj’nocardate, sodium 
hi'dnocarpate and our own sodium morrhuate were dissolved in physio- 
logic solution of sodium chloride. Searle’s sodium morrhuate is prepared 
in benzyl alcohol. 

Sodium morrhuate is obtained from cod liver oil, whereas sodium 
gynocardate is prepared from chaulmoogra oil, and sodium hydnocarpate 
from an oil closely resembling chaulmoogra oil, obtained from the seed 
of a tropical tree, Hydnocarpus wightiana.- 


METHOD 

The method of study was that used by Garside and one of us (A. O.).''- Dogs 
selected as the test ammafs. Veins in each of the four legs were used. 

From the Department of Surgery, Tulane Unfversfty School of iledicine. 

1. Ochsner, .\lton, and Garside, Earl : The Intravenous Injection of Scleros- 
mg Substances, Ann. Surg. 96:691, 1932. ocieros 

Sodium gr-nocardate and sodium hydnocarpate were used because nf 
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In the hindlegs, four injections were made into the long saphenous veins. The 
levels of injection were: (1) at the dorsum of the foot, (2) at the ankle, (3) at 
the middle third of tlic leg and (4) at the level of the knee. In the forelegs 
injections were made into the antebrachial cephalic veins® (I) at the level of 
the paw, (2) at the level of the wrist, (3) at the middle third of the foreleg 
and (4) at the level of the elbow joint. Thus, in each dog there were sixteen 
injections, four in each leg, but only one drug was used in any one leg, though 
it was injected at four different lc%’els. Generally a different solution was used 
for each leg. After the injection was completed, a ring was marked around the 
area of injection with a moistened silver nitrate stick. This method of marking 
was satisfactory, and it enabled us subsequently to remove with accuracy the 
vein into which injection was made at the level of the injection. 

Eacli drug was injected sixteen times, so for each drug sixteen portions of 
vein were subsequently removed, representing different periods of time elapsed 
after the injection of the drug. The time intervals at which portions were 
removed after the injection of each solution were: one-half hour, one, three, six, 
twelve, twentj'-four and forty-eight hours; three, four, si.x, ten, fourteen and 
twenty-one days, and four, six and eight weeks. 

In removing the vein sections the area encircled by the silver nitrate mark 
was infiltrated subcutaneously with procaine hydrochloride. A longitudinal inci- 
sion about 2 cm. in length was made over the course of the vein, the vein was 
identified, and the surrounding tissues, including the nerve, were carefully dis- 
sected free from it, caution being taken not to dislodge a thrombus from the 
lumen of the vein. The vein was clamped at each end of a segment (proximal 
end first) about 1 cm. in length, and the intervening segment was removed. The 
vein was then ligated proximal and distal to the clamps, and the wound was 
closed with silk. In removing the sections, the more distal one was always 
removed first and then in succession the more proximal segments. It was pre- 
sumed that removal of the segments at different times would not dispose to 
thrombosis by interfering with the return of blood, even if we must admit the 
slight possibility that removal of some vis a tergo might result in propagation 
of a thrombus to the next higher level. The belief that thrombosis at the next 
higher level did not occur because of this was supported by the fact that invari- 
ably the longer “intervaled” sections showed lower percentages of thromboses 
than did the earlier sections ; and one would have expected the opposite, had the 
theoretical reason been an actual fact. Moreover, the findings in veins showing 
changes -were quite constant for the different periods. We believe that we can 
explain this lower percentage of thrombosis after the longer periods by reasons 
other than inaccuracies. 

The veins were prepared for microscopic study by cutting cross-sections and 
staining them with hematoxylin and eosin and Mallory’s connective tissue stain, 
and in some instances with Verhoeff’s elastic tissue stain. 

In studying the sections microscopically, the results were recorded 
grades representing different degrees of change : from 0 to 25 per cent, gra e , 
from 25 to 50 per cent, grade II; from 50 to 75 per cent, grade III, and from 

3. Ellenberger, W., and Baum, H.: Anatomic des Hundes, Berlin, Paul 
Parey, 1891. 
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,5 ,0 100 ce„,, g«0. IV. The observations were in the Wiotvine 


manner ; 

1. The lumen 

(a) Thrombosis 

2. The intima 

(a) Endothelial destruction 
{b) Exposure of nuclei 

(c) Vacuolation of cells 

(d) Pyknosis 

3. The internal elastic lamina (whether it was intact or had been 
completely or partial!}' destroyed) 

4, The media 

(a) Edema 

(b) Leukocytic infiltration 

(c) Hemorrhage 

(d) Connective tissue proliferation 
(c) Presence of new blood vessels 

if) Hyaline degeneration and coagulation necrosis of the muscle 

ig) Atrophy of the muscle 
3. The adventitia 

(а) Edema 

(б) Hemorrhage 

(c) Presence of new blood vessels 

(d) Leukocytic infiltration 
(c) Hyperemia 

if) Connective tissue proliferation 


The grades I to IV of the thrombus indicate whether the thrombus completely 
occluded the lumen (grade IV), as it generally did if it was present, or whether 
it only partially occluded the lumen. Moreover, the grade of organization was 
studied in each thrombus, \Yhen the organization was just beginning, it was 
graded I. When the connective tissue cells had advanced halfway to the center 
of the clot, organization was graded II. When the connective tissue cells had 
advanced to the center but recanalization did not seem to be complete, it was 
graded III, and when fibrosis and recanalization seemed to be complete, it was 
graded IV. 

Endothelial destruction was graded on the percentage of the endothelial cells 
that had completely disappeared. The two most important criteria as to the 
sclerosing value of the various substances were the presence of a thrombus and 
the destruction of endothelial cells. 

The grading of the other changes is in each instance an individual evaluation 
vi the percentage of the change occurring. Such a method is not strictly mathe- 
matically accurate and has an associated percentage of error. However, as one 
of us (,\. O.) had also studied the slides in a previous analogous study i of 
ivvcnty sclerosing substances, the results in the two investigations are comparable 
and It IS possible to indicate the most effective of the twenty-nine solutions. 


Cn.\XGES IX THE IXTIMA 


bomc_ sclerosiug substances injure the cell by dehydration 
bypertomc salt and sugar solutions; others, by direct chemical 


, e.g., 
injurj\ 
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Wc have oI)servcd llicsc changes in fixed subcutaneous tissue in another 
stud}' of the action of sclerosing substances on tissues and will report 
the results in a subsequent paper. Wlien the intimal cells are sufficiently 
injured, they become detached and are carried away by the blood stream. 
It is destruction of the intima wdiich results in the precipitation of a 
thrombus. Sclerosing substances do not hasten the coagulation time 
of the blood, \Vc have ju'ovcd this with adequate control in vitro by 
the addition of 0.5 cc. of quinine and urea hydrochloride to 1 cc, of 
freshly drawn blood. The coagulation time was not reduced, but slightly 
lengthened. 7'hc same result was obtained with Searle’s sodium 
morrluiate. 

Pyknosis . — One of the earliest appearances that may give evidence 
of a retrogressive change in the cell is a more densely staining nucleus. 
Slight grades of such a change are difficult to distinguish from the 
normal appearance of the cell, and it is probable that fixing and staining 
my produce some of the changes which appear to be pyknosis, kary- 
olysis or karyorrhexis. In some instances we observed pyknosis in a 
vessel which otherwise appeared to be normal and in sections removed 
at long intervals after the injection of sclerosing substances. Such a 
change would throw some doubt on the value of a darkly stained small 
nucleus as a sign of injury by the sclerosing solution. It possibly indi- 
cates that the changes we record as pyknosis occurred after the vessel 
had been removed from the animal. Sometimes the higher percentages 
of pyknosis occurred in the series of veins into which drugs were injected 
wdiich caused the lowest percentage of endothelial destruction and 
thrombosis. Sodium hydnocarpate, 2 per cent, showed 44 per cent 
pyknosis and 12.5 per cent thrombosis, whereas 5 per cent sodium 
gynocardate showed an average of 25 per cent pyknosis with 50 per cent 
thrombosis. This is explained by the fact that when thrombosis occurs 
the intima is partially or completely absent, and thus in the averaging 
of results instead of there being sixteen veins to show pyknosis there 
are in reality fewer. 

Vacuolation . — This change (fig. 1) appears to be an intracellular 
edema and was irregular and inconstant. It was present in some sections 
of veins which had been treated with practically every one of the nine 
solutions under consideration. Its significance, like pyknosis, is difficult 
to interpret, and comparison of the average vacuolation occurring from 
the different agents leaves no clue as to the meaning. It is not neces- 
sarily an early change, as with our own sodium morrhuate solution 
vacuolation did not occur in the sections removed one-half hour or six 
hours after injection (sections removed one and three hours after injec- 
tion showed marked endothelial destruction), but it did occur in th.. 
sections removed fortj'-eight hours, three days and fourteen days after 
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injection, being absent in all others. Snch irregularities in the occurrence 
of vacuolation may be found in the results of almost any of the sclerosing 
agents. 

Exposure of Nuclei . — By this change we mean that the cytoplasm 
on the free side of the endothelial cells lining the lumen of a vessel had 
been apparently completely destroyed or in some way removed so that 
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. e It hours after the injection of 2 


acuolation of cells of the intima 
per cent sodium gjmocardate. 


t'on of the endothelium. It ^vas observ! complete destruc- 

tbere were no other changes tbroii-hont th sections even when 




v»-.. 



402 


ARC HIV ns OF SURGERY 


Liljcralion of thromljokinase seems essential for precipitation of the 
thrombus. A graphic representation of the degree and incidence of 
tlnombosis is shown in figure 2. A thrombus was present in 71 per 
cent of the sections of veins into which Searle’s sodium morrhuate was 
injected, and endothelial destruction was present in the same percentage. 
Some endothelial destiuction was present in /5 per cent of the sections 
of veins tieated with 5 per cent sodium gynocardate, but thrombosis 
was present in only 50 per cent. However, endothelial destruction was 
graded IV in only 25 per cent of the sections treated with 5 per cent 
sodium gynocardate, whereas it was graded IV in 71 per cent of the 
sections treated with Searle’s sodium morrhuate (figs. 2 and 3). Thus, 
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Fig. 2. — Graphic representation of the incidence and degree of endothelial 
destruction after intravenous injection of nine different sclerosing solutions. Four 
grades of destruction are indicated. Black represents the total destruction for each 
substance. 


it would appear that experimentally Searle’s sodium morrhuate is more 
effective than 5 per cent sodium gynocardate in producing destruction 
of the endothelium and thrombosis when injected into a vein. In their 
effectiveness in production of thrombosis the nine drugs used by us may 
be arranged as in figure 2. The effectiveness of the various solutions 
in producing thrombosis is as follows: Searle’s sodium morrhuate, 71.4 
per cent thrombosis ; 5 per cent sodium gynocardate, 50 per cent ; 3 per 
cent sodium gynocardate, 50 per cent; 2 per cent sodium gynocardate, 
44 per cent ; 5 per cent hydnocarpate, 37.5 per cent ; 5 per cent sodium 
morrhuate (our own), 33 per cent; 3 per cent sodium hydnocarpate, 
33 per cent; 10 per cent (our own), sodium morrhuate, 19 per cen , 
2 per cent sodium hydnocarpate, 12.5 per cent (fig. 4). The discrep- 
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ancy bctwccMi ihc results obtained with our own 5 per cent sodium mor- 
rhuatc (33 per cent thrombosis) and with Searle’s 5 per cent sodium 
moiihuatc may be due to the fact tiiat in preparing our product we 
dissolved the sodium morrhuate in physiologic solution of sodium 
chloiidc, ^\heIeas Searles sodium morrhuate is prepared with benzyl 
alcohol. It is possible that the benzyl alcohol enhances the sclerosing 
property of the sodium morrhuate. This is being investigated further. 

\\nien tbe three most cfleclive thrombus-producing drugs in the 
study of Garsidc and one of us (A. O.)^ are compared with those in 
the present scries, three solutions in the latter series, Searle’s sodium 
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Fig. 5. — Graphic representation of thrombus-producing effectiveness of eight 
intravenous sclerosing solutions selected from nine solutions studied by us and 
twenty studied by Garside and one of us (A. O.). Three solutions from the 
latter study are marked X. 


morrhuate and 5 and 3 per cent sodium gynocardate, were more potent 
in producing thrombus than the most effective solution (sodium salicy- 
late, 40 per cent) in the former series (fig. 5). Quinine and urea 
hydrochloride was only ninth in thrombus-producing effectiveness in 
the entire series. 

We are somewhat at a loss to explain the fact that in practically 
all instances we found more thrombosis in the eight sections representing 
early periods after injection, i. e., from one-half hour to three days, than 
in the eight sections representing longer periods, i. e., from four days 
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,0 eight ,veeks. When the periods are thus separated into uvo gronps, 
the foilotving percentages were Cound for our our most c tec itc t . 


Thrombosis in Sections 
1st period 2d period 


Seark’s sodium morrhuate, 5 per cent 

Sodium gj-nocardate, 5 per cent 

Sodium gjnDcardate, 3 per cent 

Sodium gynocardale, 2 per cent 


50 21.5 

31 19.0 

25 25.0 

25 19.0 


This discrepancy is hard to explain. It is possible that in Uic process 
of repair a clot might not go on to complete fibrosis and organization, but 
that blood circulating apparently tlwough an old clot, as has been described 
by one of us (H. might gradually remove the thrombus. Such 

a process does not seem probable in our present knowledge of thrombo- 
sis, but there are appearances in clots that are highly suggestive that 
this does occur. 

Organisation . — Organization of a thrombus m a vessel occurs accord- 
ing to a definite process which has been adequately described by numer- 
ous pathologists. In this study organization begins shortly after the 
thrombus is precipitated. Ytry definite evidence of the ingress of fibro- 
blasts into the periphery of a thrombus is present after forty-eight hours 
(fig. 6). On the other hand, there was no evidence of organization in 
one section removed six days after injection. In this vein propagation 
of a thrombus probably occurred, and the section was cut across the 
last precipitated area. Organization with recanalization seems to be 
complete by the tenth to the fourteenth day (figs. 7 and 8). 


DESTRUCTIOX OF THE INTERXAE ELASTIC LAillNA 


Definite evidence of destruction of the internal elastic lamina was 
observed in some of the sections. In some instances it was simply raised 
out of position and projected into the lumen. In other instances it was 
fragmented; in still other sections it was completely absent (fig. 9). 
The normal elastic lamina was always intact when the endothelium had 
not been destroyed. Whenever there had been destruction of the lamina 
there was a clot in the lumen. However, the reverse was not true, viz., 
that destruction of the internal elastic lamina was always present w'hen a 
clot was found. Searle’s sodium morrhuate produced some injur}^ to 
the lamina in the highest percentage of instances (35.6 per cent) Both 
o per cent s odium g>mocardate and 5 per cent sodium hydnocarpate pro- 
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d»ad some iniury to the internal elastic lamina m ol.o per cent ot 
sections Others of the sclerosing substances produced injurs to I K 
Lina in smaller percentages even to 2 per cent sodmm hydnocarpate. 
which produced injury to the lamina in the smallest number ol sections 

(6.2 per cent) . 

CHANGES IN the MEDIA 

Edema.— This change was the most frequent one observed in tlic 
media. The highest percentage of edema (75 per cent) occurred m 
the veins into which 3 per cent sodium gynocardate and 3 per cent sodium 
hydnocarpate were injected. The lowest percentage of edcina of the 
media (36 per cent) occurred in vessels into which Searlc’s sodium 
morrhuate was injected. In the veins into which the latter substance 
was injected, however, we noted coagulation necrosis or complete 
destruction of the media in 42 per cent of the sections, and in these 


instances edema was absent. 

Hemorrhage was found in the media more often (20 per cent) in 
the sections of veins into which 3 per cent sodium hydnocarpate was 
injected than with any other substance. There was no hemorrhage in 
any of the sections of veins into which Searle’s sodium morrhuate 
was injected. As has been stated previously, this substance produces 
a high percentage of a more profound change-coagulation necrosis. 
Sodium gymocardate (5 per cent), next to Searle's sodium morrhuate 
the most efficient thrombus-producing drug in our series, produced hem- 
orrhage in the media in only 6.2 per cent of the veins into which it was 
injected. 


Leukocytic Infiltration. — ^Leukocytic infiltration was found in the 
media in a small percentage of instances after the intravenous injection 
of each of the nine solutions studied by us. The leukocytes were usually 
not found in abundance. Sometimes, however, the infiltration was 
marked (fig. 10). Sodium hydnocarpate, 5 per cent, gave the highest 
percentage of leukocytic infiltration in the media (31 per cent). When 
this change was found, thrombosis usually had occurred. 

Connective Tissue Proliferation . — ^This change rvas not an immediate 


one. Fibroblasts were noted in the media in some instances in sections 
removed as early as forty-eight hours. There was marked variation 
m the percentage of connective tissue proliferation produced by the 
different substances in this series. The percentage varied from 6.7 
m the mstance of 2 per cent sodium hydnocarpate to 62.5 for 5 per cent 
sodium ^-nocardate. The presence of connective tissue in excess in 
the media was noted in the vessels showing thrombi that had been 
present tor some time and was more marked in the vessels showing 
organised thrombi. An increase of connective tissue in the media closely 



Fig. 10. — Photomicrograph of a vein showing leukocytic infiltration in the 
media forty-eight hours after the injection of Searle’s sodium morrhuate. 
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paralleled the tame clmge in the adventitia, as may be obsm-cd in tables 
2 and 3 It is an indication of repair of injury to the incdu . ^ 

Nezv Blood Vessels in the Merfia.-Nonnally in the peripheral vein 
of the dog there are no vessels in the media other than capillaries. \\ he 
the vein is occluded by a thrombus, new vessels form in the media as 
well as through the clot in an attempt to reestablish a collateral circu- 
lation and also apparently in some instances in reaction to injury. I he 
finding of new vessels in the media closely paralleled the finding oi 
an occlusion of the lumen. In the instance of 5 per cent sodium pm- 
cardate, 50 per cent of the sections showed new blood vessels m the 
media. Sections of vein removed after injecting our own sodium 
morrhuate (10 per cent) showed no new vessels in the media in ain 
instance, but in only one section of those removed after twelve hours 
was the lumen occluded by a thrombus. Thus the appearance of new 
vessels in the media is an accompaniment of any thrombosis and together 
with the recanalization of the clot represents a reparative process in the 
reestablishment of circulation through new channels. 

Coagulation N ecrosis. — Searle’s sodium morrhuate produced the most 
profound changes in the wall of the vein of all the substances we used. 

In 42.8 per cent of the sections of veins into which this substance had 
been injected there was evidence of injury- of the muscle of the media 
to the extent even of presenting a glazed homogeneous, dull-staining, 
non-nucleated stratum of tissue, in which apparently the muscle cells 
had undergone necrosis (fig. 9). We did not determine the character of 
the reparative process which resulted in the recovery from this change 
in our sections, but the apparent necrosis did not seem to persist as it 
was not observed in sections remor-ed after three days. Apparently the 
cells were injured but not completely destroyed, and rvere able to recover 
as there was no evidence of their being replaced by connective tissue 
in sections removed after longer periods. This change, therefore, cannot 
be considered an undesirable one because it does not interfere with 
normal processes of reaction to the sclerosing substance. On the other 
hand, it is probably of therapeutic value, because -wherever coagulation 
necrosis in the media was found, a thrombus completely occluded the 
lumen of the vein. Although thrombosis occurred rvithout coagulation 
necrosis, the latter rvas always accompanied by thrombosis. Coagulation 
necrosis also occurred in veins into which other substances had been 
injected ; a per cent sodium hydnocarpate produced it in 18.8 per cent 
ot the veins, but 5 per cent sodium gynocardate in no instance. 

/Kro/'/iy of the Mvscle.~ln some instances in which there was an 
organized clot present the muscle cells seemed to be small and the nuclei 
"a a ‘i apparent atrophy was noticeable when a fibrous clot 
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intcrsliHal connective tissue in the media. We interpret this as an expres- 
sion of disuse. It was observed most commonly (18.2 per cent) in the 
sections of veins into whicli 3 per cent sodium gynocardate was injected. 
Only three sections of veins into which the latter drug was injected 
showed it. They were the veins removed after six, ten and fourteen 
daj s. 1 hesc all had thrombi in the lumen, but no other veins removed 
later than six da 3 ''s after injection of this same substance showed 
thrombosis. Searle's sodium juorrhuate produced atrophy of the muscle 
in 14.2 per cent of the sections. This is not a characteristic difference in 
the drugs but an indication of thrombosis that has occurred at some 
time prior to six days before removal, permitting sufficient time for 
atrophy to occur. 

CHANGES IN THE ADVENTITIA 

The changes in the adventitia resulting from the intravenous injection 
of sclerosing substances are chief!}' those that might be expected in 
reaction to an irritant. In some instances they were marked; in others, 
mild, even though thrombosis might have occurred (table 3). Two 
changes (hemorrhage and leukocytic infiltration) were of especial signi- 
ficance, as they were almost invariably accompanied by thrombotic 
occlusion of the lumen. This was also evident in the investigation by 
Carside and one of us (A. O.).^ Only occasionally were hemorrhage 
and leukocytic infiltration present without a thrombus. 

Hemorrhage in the adventitia was observed most frequently (35.6 
per cent) in the sections of veins into which Searle’s sodium morrhuate 
v;as injected. It was not observed in any instance in the veins into 
which 5 per cent sodium gynocardate was injected. The sodium mor- 
rhuate, as was demonstrated in the media and the intima, produced 
more profound changes in the vessel than the 5 per cent sodium gyno- 
cardate, though the latter was scarcely less efficient in producing a 
thrombus. 

Leukocytic infiltration of the adventitia occurred more frequently 
than hemorrhage. Leukocytic infiltration was found in 42.8 per cent 
of the veins into which Searle’s sodium morrhuate was injected, and 
in 25 per cent of the veins into which sodium gynocardate (5 per cent) 
was injected. This change was seldom found after the third day, though 
it was observed in one instance as late as the twenty-first day. 

Edema of the adventitia was frequently found. It was most marked 
in the early periods and decreased in the longer periods. It was present 
in all the veins into which Searle’s sodium morrhuate was injected, 
though it was graded only as I (questionable) in 50 per cent of these 
instances. It was observed in half the veins into which 5 per cent sodium 
gynocardate was injected, and in no instance was it graded more than 
slight. All the other sclerosing substances showed edema of the adven- 
titia in from 71 to 100 per cent of the sections. 
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Hyperemia of the vessels of the adventitia as manifested by dilatation 
and irCglent was present in sections removed at varymg penods 
ate injection. It was found in from 27 per cent (3 per 
hydnocarpate) to 69 pet cent (2 per cent sodmm gynocardatc) of t l e 
sLion. In some instances it represents reaction to inflammation, and 
in some instances undoubtedly an attempt to open the collateral blood 

channels. . . , , 

New blood vessels and connective tissue proliferation in the ad\cn- 

titia are changes that closely parallel each other, as may be seen in table 3. 
This is to be expected. New vessels ate attempts to form collateral 
circulation and were found in the vessels showing thrombosis that had 
been present forty-eight hours or longer. In three instances {our own 
10 per cent sodium morrhuate, 5 per cent sodium hydnocarpate and 
2 per cent sodium hydnocarpate) there was a suggestion of new vessel 
formation in the adventitia in forty'-eight hours. This change was not 
observed to be sufficiently marked to grade it distinctly, however, before 
the fourth day (3 per cent sodium gynocardate) . The percentage of 
new vessels in the media closely approximates the percentages of the 
same change in the adventitia, as may be observed in tables 2 and 3. 

Connective tissue proliferation in the adventitia is an expression of 
repair. It was observed most commonly and most markedly in sections 
showing occlusion of the lumen by thrombosis. 

Coagulation necrosis of cells of the adventitia was observed in a 
few instances (Searle’s sodium morrhuate, once; 3 per cent sodium 
gy'nocardate, once; 10 per cent sodium morrhuate {our own], twice; 
5 per cent sodium hydnocarpate, twice). This change was observ'ed 
only in some parts of the adventitia of these vessels, and not throughout 
the entire coat. When it rvas present there was generally definite evi- 
dence of the presence of the sclerosing substance in the adventitia. In 
some of these instances we obsen-ed in the adventitia a brownish-yellow 
dull homogeneous substance that was undoubtedly the sclerosing sub- 
stance. Probably in these instances there was some perivenous infiltra- 
tion on the injected substance. 


SUMMARY 


^ Dogs V, ere used as test animals to study the changes produced in 
veins by the intravenous injections of sclerosing substances and to deter- 
mine the most efficient sclerosing solution. The method used was the 
same as that employed by Garside and one of us (A. 0.),^ and the 
rcsviUs of the two studies are compared for thrombus-producing effec- 
tnvness Nine solutions were investigated: 5, 3 and 2 per cent sodium 
gynocardatc; o and 2 per cent sodium hydnocarpate; 10 and 5 per 
cent sodmm morrhuate (our own), and 5 per cent sodium morrhuate 
m ,cnzyl alcohol (Searle). The results are given in percentages and 
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grades of changes found microscopically in sections of veins removed 
at sixteen time intervals from one-half hour to eight vi^eeks. Searle’s 
sodium morrhuatc was the most efficient thrombus producer not only 
for our scries, but also in a previous study ^ of twenty solutions. Sodium 
gynocardate, 5 per cent, was the next most efficient thrombus producer. 
Quinine and urea hydrochloride (from the earlier study) was only eighth 
in thrombus-producing effectiveness. 

CONCLUSION 

Experimental study on veins of dogs shows that sodium morrhuate 
(Searle) is the most efficient thrombus-producing solution of nine 
sclerosing solutions studied by us and twenty sclerosing solutions studied 
in a previous experiment.^ Sodium gynocardate, 5 per cent, is the next 
most efficient intravenous sclerosing substance. 

Destruction of the endothelium of a vein is the essential factor in 
the production of thrombus by a sclerosing agent. 
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In recent years the more critical study of disease of the diorax and 
the extensive development of radical surgical treatraent in suitable cases 
of pulmonary tuberculosis, bronchiectasis and similar conditions har e 
directed attention but insufficient interest to the influence of thoracic 
disease and thoracic operations on the spinal column. group of 

cases also provides an unusual opportunity for an investigation of the 
mechanics of the thoracic spine. To determine the mechanical factors 
involved in the production, frequency, clinical significance and preven- 
tion of thoracogenic cun’atures, 518 patients rvith various forms of 
thoracic disease and 336 patients operated on for thoracic disease were 
studied ; the results of the investigation form the basis of this report. 

It should be emphasized at the outset that these cun’atures only 
occasionally become so extensive that they give rise to symptoms or 
a deformity of clinical significance, and that the terms “curvature” and 
“scoliosis” as used throughout this article merely designate deviations 
from the normal and not necessarily deformity of the spine. 

The normal thoracic spine is maintained in a state of static equilib- 
rium by a balance of the opposing forces acting on the tivo sides of the 
vertebrae. These forces are exerted not only by the ribs, muscles and 
ligaments and other soft tissues of the thoracic wall but by pressures 
and stresses which arise within the thoracic cage (pleural, intrapleural 
and pulmonary forces). An appreciable imbalance of any one of these 
factors is likely to result in a deviation, the mechanisms of which will be 
discussed under their respective headings. 

In general, the likelihood of a curvature and the extent to which the 
spine deviates under the influence of imbalance depend on: (1) age, 
for the younger the subject the more responsive is the spine to imbal- 
ance; (2) extent of imbalance, which is determined by such factors 
as the location and duration of the disease and the type of surgical 
attack, and (3) a certain unexplained compensatory' mechanism (pos- 
sibly muscle tone) whereby in 2 comparable cases apparently with equal 

From the Department ot Surgerj-, UniversiW ot 'Michigan. 
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imbalance, slight or no deviation may develop in one patient, while 
an extensive deformity may develop in the other. 

MECHANICAL ANALYSIS 

Rib Imbalance . — The ribs are the principal agents for the support 
of the thoracic vertebrae by virtue of their rigidity not only as bony 
braces but also because of their service as instruments through which 
the forces exerted by the attached muscles and ligaments and the forces 
of intrathoracic pressures and stresses are transmitted to the vertebrae 
through their costovertebral articulations. Since the bony framework 
of the thorax is made up of a series of superimposed semirigid circular 
units, forces acting on one area are transmitted throughout the gircum- 
ference of each unit. Normally each pair of ribs grips with pressure 
the vertebra with which it articulates. If this pressure is unequal on 
the two sides, or if it has been removed from one side by the extensive 
resection of ribs such as occurs in thoracoplastic operations (fig. 1 A 
and B), the unopposed ribs push the vertebrae toward the unsupported 
side, and a deviation results. A spine which was straight before opera- 
tion will deviate with the convexity of the curve projecting into the side 
on which the operation was performed. 

The degree to which this occurs depends on certain factors : ( 1 ) the 
number and length of the costal segments resected (fig. 1 A and B) ; 
resection of one small segment as in open drainage of an empyema cavity 
does not demonstrably influence spinal equilibrium; (2) the level of 
costal resections ; as a rule much greater deviations result from the resec- 
tion of the upper than from that of the lower ribs (fig. 1 B and C ) ; 
(3) the proximity of the spine to the costal segments resected; as illus- 
trated by figure 2, the closer to the spine the costal resection is carried, 
the greater is the deviation or the likelihood of a deviation. The removal 
of segments anterior to the angles of the ribs has slight or no influence 
on the spine. Apparently adequate support is maintained through 
the long residual posterior stumps and their important muscular 
attachments. 

The curvatures which result from the imbalance produced by the 
resection of ribs may be designated as thoracoplasty scolioses (fig. 1 A 
and B). They usually involve only a short segment of the spine as a 
rule, the upper thoracic segment — and they are often rather sharply 
angulated. With each successive stage of multistaged thoracoplasties 
the angle of the curvature is often slightly increased, and usually a 
more extensive segment of the spine becomes involved. When t e 
stages progress downward from the upper to the lower ribs, the apex 
of the curve correspondingly moves downward slightly. Lateral devia 
tions of considerable extent are accompanied by rotation of the verte ira 




Fig. 1. — Thoracoplasty scoliosis illustrating rib imbalance: A, a short high 
dorsal dexter convex lateral curvature has developed in a previously straight spine 
as a result o£ the imbalance produced by the partial extrapleural posterolateral 
thoracoplasty. A large tuberculous cavernous lesion at the right apex was closed, 
and the disease arrested by the resection of long segments of the upper seven ribs. 
As in this case, most of the spinal deviations which develop with the extrapleural 
type of thoracoplasty in adults are so slight that they have little clinical importance. 
B. a retouched roentgenogram in a case of chronic empyema in which the patient 
was cured by thoracoplasty of the Schede type. Almost total costectomies of the 
third to the ninth ribs, inclusive, were done. A deforming curvature has been 
produced by the gross imbalance resulting not only from the extensive costal 
resections but from the wide excision of muscles and other soft tissues of the 
thoracic wall and of tlie restraining pleural scar. Before operation the spine devi- 
ated in the opposite direction. A pleural scoliosis therefore has been overcorrected 
•and converted into a thoracoplasty scoliosis. C, in this case the spine deviated 
only slightly after a Schede thoracoplasty. The fourth to the ninth ribs, inclusive, 
were resected. Tire greater degree of curvature shown in B is probably caused 
hy die more extensive resection of the upper ribs. 
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bodies and of the thoracic cage. As a result of this mechanical factor, 
the deformity resembles that of all other rotary scolioses, such as idio- 
pathic and paralytic scoliosis, and differs from that of pleural scoliosis 
in which there is slight or no rotation of the vertebrae. 

Contrary to the opinion of Nissen,^ who stated that scoliosis due to 
a thoracoplasty develops several Aveeks after operation, it has been my 
observation that the deviations appear immediately or within a few 
days after the ribs have been removed. This fact has an important 
bearing on preventive therapy. 

It is of interest that costal resections have been done for the purpose 
of correcting idiopathic scoliosis. Volkmann,- Hoffa,^ Sauerbruch,'* 



Fig, 2. — Rib imbalance, showing the influence of proximity to the spine; A, 
this patient had a pleural scoliosis associated with a mixed tuberculous empyema 
and osteomyelitis and chondritis of the overlying fifth, sixth and seventh ribs and 
costal cartilages. Resection of the anterior one third of these ribs and their 
cartilages did not alter the curvature. B, the same patient after a second operation, 
at which time the posterior segments of the same ribs were removed beyond their 
angles. The spine promptly straightened. 


1. Nissen, R. ; Mediastinalverlagerung bei postoperativer Skoliose und ihre 
praktische Bedeutung, Miinchen. med, Wchnschr. 75:528, 1928. 

2. Volkmann, R. ; Rippenresection bei der Skoliose, Berl. Win. Wchnschr, 
26:1097, 1889. 

3. Hoffa, A.: Operative Behandlung einer schweren Skoliose. Ztschr. . 
orthop. Chir. 4:402, 1895. 

4. Sauerbruch, F. : Ueberlegungen zur operativen Behandlung schwerer o- 
liosen, Arch. f. klin. Chir. 118:550, 1921. 
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Loeffier= Hoke,® Gaudier,' Casse,® Bade,® Lange and othcis dnided 
nmsdes’ and resected ribs on the side of the convexity or concav.ty 
or in both places, but their results have not encouraged a broad applica- 
tion of the principle. 

Muscle Imbalance.— Th& influence of muscle imbalance in the pro- 
duction of spinal cun-atures was pointed out by Leichtcnstcrn and is 
well illustrated by the paralytic scoliosis of anterior pohomyehtis and 
the spastic scoliosis of spastic hemiplegia. A mild spastic type of spinal 
curvature is observed often in cases of acute empyema (figs. 3 and 6/i). 


As elsewhere in the body, nature attempts to immobilize and protect 
the acutely inflamed part by muscle spasm. The contracted muscles of 
the affected hemithorax and of the abdomen and neck on the same side 
narrow the intercostal spaces, draw the ribs downward and arch the 
spine with the concavity on the affected side. The spasm of the abdomi- 
nal muscles may be so great that acute disease below the diaphragm 
is suspected. 

The reverse type of deviation occurs as a result of the paralysis of 
a portion of the respiratory muscles produced by multiple intercostal 
neurectomy, an operation described by Alexander and devised to give 
rest to a tuberculous lung. The second to the tenth intercostal nen'cs, 
inclusive, of one side are interrupted posteriorly to the rib angles. 

To demonstrate the influence of muscle imbalance in the production 
of nonthoracogenic curvatures. Carey devised an ingenious model of 
the vertebral column supported in equilibrium by the tension of rubber 
bands representing the principal opposing groups of muscles which act 
on the spine. By variously releasing the pull of certain bands he could 


5. Loeffler, F. ; Tenototnie der langen Riichenstrecker auf der Rippenbuck- 
elseite bd Skoliosen, Zentralbk f. Chir. 51:825, 1924. 

6. Hoke, kt.; Study of a Case of Lateral Curvature of the Spine, Am. J 
Ortbop. Surg. 1:168 (Nov.) 1903, 

7. Gaudier, kf. H. ; Resection de la gibbosite costale comme adjuvant du 
traitemcnt orthopedique de la scoliose. Bull, et mem. Soc. de chir. de Paris 46: 
13S4, 1920. 


8. Cassc, J.; 
chir. 4:321, 1896. 

9. Bade, P.; 
1045, 1903. 


De la resection des cotes dans la scoliose, Ann. Soc. beige de 
Rippenresektion bei schwerer Skoliose, Zentralbl. f. Chir 30: 


kavrn emer ausgedehnten Rippenresektion auf der kon- 

ka^cn Seitc bei cincr scluveren Skoliose, Ztschr. f. ortbop. Chir. 41:207. 1921 
11. Leichtcnstcrn, quoted by Rcy.-' 
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produce curvatures witli slight or great vertebral rotation and with 
deviation laterally toward or away from the side which had been released. 

^ Arnd produced curvatures in animals by resecting the erector 
spinac group of muscles of one side. 

It would appear, however, that muscle imbalance plays a minor part 
in the production of thoracogenic curvatures. In all cases that I have 
observed the curvatures which presumably were produced solely by 
muscle imbalance were of minor degree and importance. 

Intratliovacic hnhcilance . — Unbalanced forces arising within the 
thorax may act directly on the spine. Contracting scar tissue, with 



Fig. 3. — Muscle imbalance in a case of spastic scoliosis : The protective muscle 
spasm associated with an acute empyema in a child of 2 years has drawn the 
costal cage downward and narrowed the intercostal spaces. These factors have 
deviated the spine with the concavity on the side of the empyema. 

anchorage to the thoracic wall laterally as a fixed point and to the mova- 
ble spine mesially, may draw the A'crtebral bodies in the direction of 
the fixed point. Usually, however, the force is transmitted to the spine 
through the ribs. 

For the sake of clarity, intrathoracic imbalance may be divided into 
three groups : pleural, intrapleural and pulmonary. 

Pleural Imbalance ; Pleural Scoliosis : The literature refers to this 
type of scoliosis as empyema scoliosis. I use the term “pleural scoliosis 

14. Arnd, J. : Experimentelle Beitrage zur Lehre der Skoliose, Arch. f. Orthop. 
u, Unfall-Chir. 1:1, 1903. 
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because it describes more accurately the anatomic relationship and 
because the curvatures are often produced by pleural disease other than 
empyema. The pleural scar resulting from chrome plcuntis from any 
cause, such as a simple serous tuberculous effusion or tuberculous or 
nontuberculous empyema, contracts gradually and through adherence 
to the ribs pulls them centripetally. Since the ribs, like bucket handles, 
can pivot only at their extremities (the vertebral articulations postcriorh 
and the cartilages anteriorly) and inscribe arcs as they' are draivn mesial- 
ward, they' also move dowmvard. This force is transmitted to the \crtc- 
bral bodies through their costovertebral articulations, traction being 
exerted on the uppermost thoracic vertebrae by' the upper ribs, which 
are pulled dowmvard, and pressure being exerted on the lower ones, 
especially on those at the apex of the cun'e. The result is a spinal devia- 
tion with the convexity' of the curve projecting into the healthy side, 
directed reversely to that produced by thoracoplasty. 

It is of interest that this present day concept of unilateral stress 
exerted on the spine by the pleural scar was first advanced in 1827 
by Delpeck,^“ to whom has been credited the earliest recorded recogni- 
tion of the influence of thoracic disease on the spine. Walther,'® Drach- 
ter,^' Laennec,^® Ziemssen and Gaugele stated the belief that the 
unbalanced respiratory' function of the two sides which results from 
a pleural effusion and the atelectatic lung is an important factor in 
deviating the spine. Gaugele suggested that negative intrapleural pres- 
sures may retract the thoracic wall in cases in which an effusion is 
rapidly absorbed. Rey stated that in certain instances tbe weight of 
the fluid causes the spine to deviate with the convexity' on the affected 
side in order to shift the center of balance and thereby gain equilibrium. 
Obviously this explanation applies only to spines bearing superincumbent 
weight which produces a curve directed reversely to that which is almost 
invariably' observed. 


l3. Delpeck, J.; Ueber die Empyema, Abhandl. d. Akad. d. Wissench., Chir. 
dt Montpebier 1:3, 1827. 

oe empyematische SkoUose, Ztsebr. f. ortbop. Chir. 

26 : 401 , 1910 . 

1/. Dracbter, E.; Bedeutung der Interkostalmuskelatrophie beim Raumaus- 
WdmscV^. 66^48^ 1919. ^’^"Senstutzfunktion, Miincben. med. 

•< C 

KinJoaltet, Eeriio, Hirsch- 
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Ihe nature of the etiology of pleural scoliosis makes it a distinct 
clinical entity. It differs from all of the other types in that there is 
no or slight rotation of the vertebral bodies. This disobedience to the 
well recognized physical law (stressed by Lovett ”) of the dissipation of 
part of the bending force of rods into the production of rotation or 
twisting is clue to the immobilization of the ribs in their retracted posi- 
tions. The vertebrae cannot rotate against the resisting pressure exerted 
on them by the ribs, which are rigidly fixed by the pleural scar. This 
scar in certain instances undoubtedly exerts force directly on the verte- 


Table 1. — Coiiiparath'c Mcasiirctnents of Thoracic Circumference in Five 
Consecutive Cases of Empyema with Scoliosis 








Hemithorax, 







Inches 


Type of 


Side of 

From 

To Spinous 

J 

Left’ 

Patient 

Empyema 

Age Einp5'eina 

Midsternum 

Process 

Eight 

0. T 

Acute 

o 

Left 

2d rib 

5th spinous process 

9 

8 





4th rib 

7th spinous process 

9% 

8 





Tip of ensiform 

12th spinous process 

9% 

9% 





process 




K. D 

Aeute 

7 

Left 

2d rib 

5th spinous process 

12% 

31% 





4th rib 

7th spinous process 

12% 

11% 





Tip of ensiform 

12th spinous process 

12% 

12% 





process 




J. K 

Chronic 

22 

Right 

2d rib 

5th spinous process 

m 

17% 





4th rib 

7th spinous process 

u% 

17% 





Tip of ensiform 

12th spinous process 

37% 

19% 





process 




J. B 

Chronic 

24 

Left 

2d rib 

5tb spinous process 

36% 

m 





4th rib 

7th spinous process 

17 

14 





Tip of ensiform 

12th spinous process 

17 

m 





process 




D. O 

Chronic 

14 

Right 

2d rib 

5th spinous process 

32% 

im 





4th rib 

7th spinous process 

32% 

15% 





Tip of ensiform 

12th spinous process 

32% 

15 





process 





The masimum dififerenco in the circumference of the two sides was 3 inches (7.6 cm.). 
Greater reductions in expansion occurred in the cases of chronic than in the cases of acute 
empyema. Von Koiiiker and Apert (Bull. Soc. de pediat. de Paris 10 ; 277, 1903) reported 
cases with slightly greater diflerences in the two sides. 


bral bodies, which helps to prevent rotation and usually also fixes the 
mediastinum to the spine so that it deviates with the spine. 

The retraction of the thoracic wall by scar tissue restricts the respir- 
atory excursions and greatly reduces the volume capacity of the affected 
hemithorax. Comparative measurements of the circumference of the 
two halves of the thorax in 5 cases are compiled in table 1. 

The influence of the pathogenesis of pleural scoliosis on the clinical 
picture which it produces is brought out effectively by comparing it with 
that of idiopathic scoliosis, as is presented in table 2, the drawings of 
figure 4 and the roentgenograms of figure 5 A and B. 

22. Lovett, R.: The Element of Torsion in Lateral Curvature of the Spme, 
Am. J. Orthop. Surg. 149:353, 1903. 
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Intrapleural on’thn;:^ 

of the thoracic rvall and may result ur a spmal dexiation. In 3 lU- 


Table 2. — Coinpanso)! of Dcfoniiilii’s - 


Pleural Scoliosis 

1. Ob the side ot the concavity 

a. Increased dorvnward incVmation ot the 
ribs: pulled doiraward and mesialvrard 
by pleural scar 


b. Intercostal spaces narrovrcd; ribs con- 
tact or overlap and luse 

c. Tbotacic wall (costal arches) flattened 
anteriorly and posteriorly 

d. As a result ot the retraction of the ribs, 
Uemithorax smaller than that on the 
opposite or convex side; the circumfer- 
ence from Ki to 3 inches (3.5 to 7.02 
cm.) smaller in five cases measured 
(table 1) 

c. Lung on this side relaxed and atelec- 
tatic 


Idiopathic Scolio.si.s 


On the side of the concavity 

a. Almormnlly horizontal position of ribs; 
since the ribs rotate t'lth the \crtcbra 
toward the side of convc.vitj their 
arebed shapes cause them to lUl up- 


b. Intercostal spaces unchanged or only 
slightly narrowed 

c. Thoracic wall (costal arches) flattened 
posteriorly but bulge*! anteriorly, owing 
to vertebral rotation 

d. As ribs rotate upward and outwnnl 
' this hemithornx becomes larger than 

that of tlie opposite or the convex side 


e. Lung on this side partially emphy- 
sematous and partially atelectatic 


2. On the side of the convexity 

a. Ko posterior bulge of thoracic wall 
because there is no rotation deformity 


2. On the side of the convexity 

a. Thoracic wall (costal arches) flattened 
anteriorly and bulged posteriorly at 
apex ot curve, owing to rotation of 
vertebrae 


b. Shoulder high but scapula not promi- b. Shoulder high and scapula prominent 
nent 


S. Either no or only slight rotation and 
structural change of vertebral bodies 1 

i. Curves usually rigid and often short and 
sharply angulated 

5. Often compensatory curvatures do not 
develop until the patient sits up oud the 
spine bears weight 

G, Mediastinum usually deviates with the 
spine, to which it is fixed by scar tissue 

I. Reduction of vital capacity proportional 
to deformity (Flagstad and Kollman: J. 
Bone & Joint Surg. 10 ; 724, 19-23) 


S. Always rotation and often great; usually 
structural changes (wedging) 

4. Frequently not rigid and often long and 
gently arched 

5. Patients arc ambulatory, so compensatory 
curvatures frequently develop simu'.tane- 
ously with the primary curves 

6. Mediastinum does not deviate; it is free 
and maintains its normal position 

7. Same 


* Compare with figures 4 and 5, 

1 Wnlthcr« investigated pleurogenic scoliotic spines and reported that; 1 . Rotation of 
the vertchrae is slight or absent 2. Only slight wedge formation of vertebral bodies occurs, 
nut oltcn there is a pronounced concave compression of the intervertebral di=k=. 3 The 
transverse processes present changes due to torsion. 


cases of acute empyema there were extremely massive effusions which 
displaced the mediastinum far into the healthy side and as a result pro- 
duced marked respiratory embarrassment. In these 3 cases the spine 
deviated with the convexity pointing toward the side on which the 
empyema occurred, the reverse of the direction of the cnrx'atnres 
observed m all of the other cases of acute empyema. They differed also 
m tliat the intercostal spaces were distinctly wider than normal Two 
theoretical explanations are possible: 1. The mobile mediastinum may 
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Fig. 4. — Diagrammatic drawings illustrating table 2, for a comparative analj'sis 
of rotary and nonrotary scoliosis. To the left is illustrated the rotation deformity 
of the thorax of idiopathic scoliosis, which tj'pifies the rotary type of scoliosis. 
The drawing to the right represents the deformity of pleural scoliosis which 
uniquely is a nonrotary type of curvature (table 2). 



Fig. 5. — Roentgenograms in a case of (A) idiopathic scoliosis and (B) pleura 
scoliosis. Compare with figure 4 and table 2. Note that the mediastinum did not 
deviate with the spine in A but did deviate in B. 
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haA'e been displaced by the massive effusion until its elastic recoil per- 
mitted an increase of the intrapleural pressure on the affected side suffi- 
cient to widen the intercostal spaces and deviate the spine in the direction 
opposite to that produced by the traction of muscle spasm. 2. It is 
possible that a voluntary effort was made by the patient to minimize 
the mediastinal displacement, and consequently the respiratory embar- 
rassment, by increasing the capacity of the affected hemithorax by 
widening the intercostal spaces and deviating the spine in a favorable 
direction. The roentgenograms in 1 of these cases have been repro- 
duced (fig. 6). 

Occasionally, as is illustrated in figure 7, a pneumothorax maintained 
for a considerable length of time, with high or moderately positive pres- 



F'g. 6.— Intrapleural imbalance: A an aenfP ^ 
a massu-e effusion which has displaced 2 a ^«th 

and diminished the available aerati^ iL 

>anotic and dyspneic. Note the widenine of tt, • Patient was 

and the spinal deviation with the conveX to 2^1 

I rnniagc was established. Note the narro ' patient after 

- reversal of the spinal curare uST"no -d 

"'rutc empyema. ’ ‘Ire spastic type characteristic 


tfiat described earliet,TaS-"a wir”' deformit 

» " *"''■6 / «'<= i"tercos.al spaces' 
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position and within certain limits will prevent an imbalance. It com- 
pensates for unequal pressures on the two sides by increasing the volume 
of one hemithorax at the expense of the other in an endeavor to main- 
tain the normal physiologic, less than atmosjdieric, intrapleural pressures. 

Intrapulmonary Imbalance: The forces exerted by the lungs on the 
thoracic wall and transmitted through it to the spine are not infrequently 
unbalanced by such conditions as massive pulmonary atelectasis and 
emphysema and by extensive pulmonary fibrosis (fig. 8 A). Again, 
the influence of these conditions on the spine depends to a large measure 
on the ability of the mediastinum alone to compensate for the unilateral 
or unbalanced stress. 



IC-- = 

Fig. 7. — Intrapleural imbalance: A case of pulmonary tuberculosis with a 
large open cavity at the left apex which artificial pneumothorax therapy has failed 
to close because of adhesions which suspend the lung to the lateral thoracic wall. 
As a result of maintaining the intrapleural pressure considerably above atmospheric, 
the intercostal spaces of that side have been widened and the spine deviated with 
the convexity toward the side of the pneumothorax. 

Pulmonary disease which has produced extensive parenchymal fibro- 
sis frequently has extended to the pleurae and produced a pleuntis 
which often fixes the lung to all or any part of its bony and mediastinal 
encasement. Consequently, as the scar tissue in the lung contracts, 
stress is exerted on these attachments with three possible results . 1 ■ 
the mediastinum is mobile, it is pulled into the affected hemithorax, an 
since this pull takes place slowly and gradually, the mediastinum las 
time to stretch and may therefore shift to a remarkable degree ( g- 
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SB). 2. The pleural scar may produce a pleural scoliosis which dimin- 
ishes the volume of the affected hemithorax and gives relaxation to the 
fibrosing lung. 3. If the lung is anchored to the vertebral bodies mcsi- 
ally and to the thoracic wall laterally, the force of contracture of the 
fibrosing lung not infrequently will pull the less resistant point of anchor- 
age, the vertebral bodies, toward the fixed point, the ribs of the lateral 
thoracic wall. Since these ribs pass obliquely upward posteriorly and 
articulate with vertebrae above those to which the lung is anchored, the 
pull on these ribs is transmitted to the vertebrae in the form of pressure 
which pushes them in the direction opposite to those at the ape'x of the 
curve. In other words, the A’ertebrae and ribs in the direct line of force 





Fig. 8.— Pulmonary imbalanrp ■ ^ .. ~ “ ^ 

advanced pulmonary tuberculosis- a lar-e ^ 

cli.vmal fibrosis are present. With the Tun- L extensive paren 

to the vertebral bodies mesiallv b^L " ’^teralh 

^'■rmkage of the fibrotic lung has pulkd the ^fot^iated pleuritis, tb 

• cd point, the lateral thoracic wall B in thi'^ ^ ''ertebral bodies toward thi 
t^e contracture of the fibrotic and atelecttk ^bt ^'^b^fCtHosis 

di^nhr* •^'"ithorax. \ote the mediastina 

inmiflrndv atore',!'!'"' '™ ’’"”"1 fcctlv, ,vliile ,|„ 
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CLINICAL CLASSIFICATIONS 

In the following classifications, the curvatures have been grouped 
according to degree: (1) slight, or of no clinical significance; (2) mod- 
erate, a deviation of clinical importance without appreciable deformity, 
and (3) severe, or extensive curvatures with deformity. Obviously this 
groujiing is merely relative. 

Haf/c Empyema; Spastic Scoliosis . — In this investigation all cases 
of einpycnia of less than three months’ duration have been classified 
arbitrarily as acute, and those of longer duration as chronic (fig. 3). 

Tmii.e 3 . — Acute Noutuhcrculous Empyema ; the Influence of Age on the 
Incidence and the Degree of Scoliosis 


niplU Empremn Left Empyema 

Stnfster Conve.x Scoliosis (Degree) Dexter Convex Scoliosis (Degree) 


Age, 

Yenr.s 

Number 

Cases 

Av 

None 

Slight 

Jlod- ’ 
crate 

Number 

Cases 

None 

^ 

Slight 

Mod- 

erate 

Beversed 

Curves 

Total 

Cases 

0-10 

23 

12 

(52.1%) 

7 

(SO.5%) 

e 

(S.7%) 

17 

(34.7%) 

8 

(47%) 

C 

(35.3%) 

3 

a~-6%) 

2 

40 

10-20 

11 

(20.7%) 

C 

(54.5%) 

( 43 .^ 0 ) 

0 

12 

(24.5%r) 

0 

(50%) 

5 

(41.0%.) 

0 

1 

23 

20-S0 

10 

am 

7 

(10%) 

3 

(30%) 

0 

5 

ao. 2 %) 

3 

(00%) 

1 

(207e) 

1 

(20%) 

0 

15 

30-f 

9 

(1C.S%) 

(77.7%) 

1 

(11.1%) 

0 

15 

(30.6%) 

9 

(00%) 

0 

(40%) 

0 

1 

24 

Totals 

53 

32 

(00%) 

10 

(30.1%) 

2 

(3.7%) 

49 

2G 

(53%) 

18 

(30.7%) 

4 

(8.1%) 

4 

102 


Table 4. — Acute Nontubcrculons Empyema; the Influence of the Duration of the 
Disease on the Incidence and the Degree of Scoliosis 


Degree of Scoliosis 


Duration of Disease 

None 

Slight 

Moderate 

Total 

0 to 4 wceLs 

43 (62.3%) 

23 (33.3%) 

3 (4.3%) 

69 

4 to 12 -weeks 

11 (39.3%) 

15 (53.5%) 

2 (7.1%) 

2S 

Totals 

54 (55%) 

38 (39%) 

5 (6%) 

97 


One hundred and two cases of acute empyema were studied (tables 
3 and 4), Forty-four presented spinal deviation, in 38 (86.4 per cent) 
of slight and in 6 (13.6 per cent) of moderate degree. 

Empyema of the left side predominated slightly and was associated 
with a slightly greater incidence of spinal deviations. In all but 4 cases 
the spine deviated with the concavity on the affected side. Three of 
the 4 cases manifested extremely massive effusions ; they were discussed 
in an earlier paragraph (fig. 6). In the other case there was a pre- 
existing rachitic scoliosis. The influence of age on the incidence an 
degree of deviation was definite but not striking. In 40 patients witi 
ages ranging below 10 years there AA^as an incidence of 50 per cent as 
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with 30 oer cent in 24 patients over 30 years of age. Like- 
of L disease increased ti.e incidence ol scol.os.s 
from 37 per cent in cases observed within four weeks of the onset o 
the empyema to 60 per cent in those of longer duration. 

Sin!e the curvatures of acute empyema are produced mainl> )> 
muscle spasm, they usually correct themselves completely unless 
disease progresses to chronicity. 

Chronic Empyema; Pleural 5cofiosL.— Since all of the pleural scoli- 
oses, regardless of etiologjy present a typical clinical picture, comment 


Table 5.— C/troiiic NoniubcrcuJous Emfycma; the lujhicncc of Age on I he 
Incidence and the Degree of Scoliosis 



Right Empyema 

Sinister Convex Scoliosis (Degree) 

Lett Empyema 

Dexter Convex Scoliosis (Degree) 

Rljrht 

Age, years 

Xumber 

Cases 

None 

Slight 

Mod-"' 

erate 

kumhex 

Cases 

Xonc 

Slight 

Mod- ■ 
crate 

Lett, 

Totals 

0 to 10 

10 

(23,2%) 

3 

(80%) 

3 

(30%) 

4 

(40%) 

6 

(10.1%,) 

1 

(16.6%) 

0 

(S3.i%>) 

s 

(3(r%) 

16 

10 to 20 

. 10 
(ST.2%) 

4 

(25%) 

(31.2%) 


17 

(2S.S%) 

4 

(23.5%,) 

9 

(33%) 

4 

(23.5%) 

3.3 

20 to SO 

3 

(T%) 

0 

(66.6%) 

1 

(33.3%) 

0 

14 

(23.7%) 

4 

(2S.5%) 

C 

(43%) 

4 

(23.5%,) 

17 

30+ 

14 

(32.5%) 

9 

(64.0%) 

(35.7%) 

0 

0-7 

(37'2%) 

11 

(50%) 

(31 .kc) 

4 

(1S.S%) 

.30 

Totals 

.. 43 

IS 

(41.S%) 

14 

(32.5%) 

11 

(25.5%) 

59 

20 

(34%) 

24 

(42.3%) 

14 

(23.7%.) 

102 


T.^ble 6. — Chronic Nontubcrcidons Empyema; the Influence of the Duration of the 
Disease on the Incidence and the Degree of Scoliosis 


Duration ot Disease 

S to G months 

Cto t2 months 

Over 12 months 

Totals 


Degree ot Scoliosis 


Xoue 

13 (5C.5%) 
S (26.3%) 
16 {30.T%) 

3T (3S7r,) 


Slight 

9 (39.1%) 
S (36.3%) 
17 (32.r7o) 

34 (S57c) 


Moderate 

1 ( 4.3%) 
6 (27,3%) 
19 (36.0%) 

26 (277<,> 


Total 

23 

o.> 



97 


will be inclusive of the entire group of 146 cases of chronic emp 3 ’ema 
(figs. 5 B and 9 A). Of these, 102 (70 per cent) of the patients were 
noiituberculous (tables 5 and 6), and 44 (30 per cent) tvere tuberculous, 
the infections being pure and mixed (tables 7 and 8). Of the total 
group, curvatures developed in 95 (65.8 per cent) ; they were of slight 
degree in 61, moderate in 37 and severe in 2 per cent. 

In all except 2 of the cases the spine arched with the concavity toward 
the aflectcd side, and m these cases (tuberculous empvema) the reverse 
ype of the curvature could be explained by niechanicd factors incident 
extensixT pulmonap- and pleural disease of the contralateral side 

of k-fl'iw So,l° sTfr “ predominance 

.km (Sc ,0 6c). and the percentage incidence of scoliosis 
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was slightly greater in the cases of left-sided empyema. It is possible 
that the right lobe of the liver may resist the downward movement of 
the ribs on that side. 

Rey 1 epoi ted a study of 31 cases in which the patients were cured 
of chronic empyema by simple drainage. In 27 cases there were 
demonstrable scolioses, but in 2 of these cases the curvatures antedated 

Taki.e 7.— Tuberculous Empyema; the Influcucc of Age on the Incidence and 

the Degree of Scoliosis 


Emnyemii on the Right Side Empyema on the Left Side 

Sinister Conve.x Scoliosis (Degree) Dexter Convex Scoliosis (Degree) 


Age, 

Years 

Number 

Cases 

None 

Slight 

Moder- 

ate 

Moder- 

ately 

Severe 

Number 

Cases None 

i 

Slight 

Jloder- 

ate 

Moder- 

ately 

Severe 

Eight 

and 

Left, 

Total 

0-10 

3 

(15%) 

0 

2 

(C0M%) 

0 

1 

(33.3%) 

2 

(8.3%) 

0 

1 

(50%) 

0 

1 

(50%) 

5 

10-20 

1 

(5%) 

0 

1 

(100%) 

0 

0 

4 

(16.6%.) 

2 

(50%) 

9 

(50%) 

0 

0 

5 

20-30 

10 

(50%) 

5 

(50%) 

2 

(20%) 

3 

(30%) 

0 

0 

(37.5%o) 

2 

(22.2%) 

5 

(55.5%) 

9 

(22.2%) 

0 

19 

304' 

6 

(30%) 

2 

(33.3%) 

3 

(50%) 

0 

0 

9 

(37.5%) 

3 

(33.3%) 

4 

(44.4%) 

9 

(22.2%) 

0 

15 

Total 

20 

(3^o) 

8 

(40%) 

3 

(15%.) 

(5%) 

24 

(29.3%) 

12 

(50%) 

4 

(16.6%) 

1 

(4.1%) 

44 


Table 8. — Tuberculous Empyema; the Influence of the Duration of the Disease 
on the Incidence and the Degree of Scoliosis 


Degree of Scoliosis 


, '' — ^ 

Moderately 

Duration of Disease None Slight Moderate Severe Total 

0 to 4 weeks 4 (50%) 4 (50%) 0 0 8 

4 to 12 weeks 3 (37.5%) 3 (37.5%) 2 (25%) 0 S 

12 to 24 weeks 0 8 (66.6%) 3 (33.3%) 0 12 

24 to 52 weeks 4(40%) 5(50%) 1(10%) 0 10 

More than 62 weeks 7(43.8%) 1(6.2%) 6(37.5%) 2(12.5%) JO 

Total IS (33.3%) 21 (38.8%) 12 (24%) 2 (3.7%) 54 


the onset of the empyema. In all except 1 of the cases the spine deviated 
with the concavity on the affected side. 

In the groups of acute and chronic empyema the incidence of scoliosis 
and the extent of deviation varied roughly in inverse proportion to the 
age of the patients and in direct proportion to the duration of the disease. 
The ratio in certain groups was almost 2 : 1 (tables 3 to 8) . 

Pulmonary Disease. — One hundred and eighty patients who had 
pulmonary tuberculosis uncomplicated by pleural effusions and who 
were not treated surgicall)'’ were studied. The disease in most instances 
involved both lungs. In 32 (17.8 per cent) of the cases there was slight 



bisgard-thoracogenic scoliosis 

but definite deviation of the spine, with the convexity of the curve 
directed to the side which was the more extensively diseased in do- 
per cent and in the reverse direction in 56.8 per cent. Without excep- 
tion, the deviations could be explained by one of the meclianical factors 
previously discussed: ( 1 ) extensive parenchymatous fibrosis with retrac- 
tion of the thoracic wall, mediastinum and vertebral bodies 5 ( 2 ) exten- 
sive pleural mvolvement and the production of a pleural scoliosis, and 
( 3 ) massive atelectasis in the presence of a fixed mediastinum (only 
1 case). 

Of the 48 consecutive cases of pulmonary abscess which were studied, 
6 (12.5 per cent) were complicated by empyema, and in 4 (66 per cent) 
of these typical pleural scolioses had developed. In only 3 (7.1 per cent) 



emm-rm!' 7,*’" '"fluence of thoracic operations on the spine: A, a tuberculous 
«upKma 01 two years duration in a child of 4 years has been productive of a 

S imblnc a a'r scoliosis by 

U)C imbalance produced by the operation. ^ 


ot the remaining 42 uncomplicated cases was there evidence of spinal 

deviation, and in each of these tliere was evidence of retraction from 
extensive pulmonary fibrosis. eiracnon trom 

cenniv bronchiectasis were studied; 5 (11 per 

• ;r TttT ■ bad 

•'»' « t mT;, r'’ ‘ 

J r;?*”' “■'= “'J' hy 

as a „,„i, ‘lie spine to collapse 
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1 1 oin these dcitci it is ajipjirent that pulmonary disease seldom pro- 
duces an imbalance capable of deviating the spine unless there is exten- 
sive pulmonary fii)rosis or involvement of the pleura. 

INFLUENCE OF THORACIC OPERATIONS 
Although various surgical operations on the thorax may disturb tlie 
static equilibrium of the spine, onl}'' those involving extensive resection 
of the ribs, and the lobectomies produce deformities of clinical 
importance. 



Fig. 10. — The influence of thoracic operations on the spine : A, the roentgeno- 
gram of a patient with multiple pulmonary abscesses of the lobes of the left lung 
complicated by empyema. Pleural scoliosis has developed. B, the same patient 
after completion of a total posterolateral thoracoplasty. A high dorsal thoraco- 
plasty scoliosis has been superimposed on the pleural scoliosis, giving rise to a 
double or S-shaped curve. 

Thoracoplasty . — study of 131 patients treated by thoracoplasty 
showed that the contour of the spine is always altered, but that this 
alteration is influenced by the preoperative contour. 

1. A spine which was straight previous to operation almost invariably 
deviated with the convexity toward the side on which operation was 
performed. This occurred in 59 (45 per cent) of the cases (fig- !)• 
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Fig. 11. — The influence oi thoracic operations on the spine; A, roentgenogram 
01 a patient with bronchiectasis o£ the right lower lobe, which has been filled wdth 
infl\7.ed poppy-seed oil, 40 per cent. Note the slight sinister convex scoliosis. B, 
the same patient three years alter total excision ot the right lower lobe. The 
spine has reversed its curvature and completely collapsed into the side on which 
operation occurred. Note the rotation ot the vertebrae and the deformity of the 
thoracic w.all caused by the rotation. C, photograph oi the same patient illustrat- 
ing the characteristic deformity oi rotary scoliosis. 
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2. If it deviated with the convexity toward that side before operation 
the curvature was greatly exaggerated by thoracoplasty. This occurred 
in 21 cases (16 per cent). 

3. If, however, it curved in the opposite direction (preoperative 
pleural scoliosis), the deviation was partially or completely corrected. 
This occurred in 12 (9 per cent) of the cases (fig. 9). Often the con- 
tour was ovorcorrccted ; this occurred in 39 (29 per cent) of the cases 
(fig. 11). In 5 cases a double or S-shaped curve developed, composed 
of a thoracoplasty curvature superimposed on a preexisting pleural scoli- 
osis (fig. 10 A and B). 


Table 9. — -The Influence of Extrapleural Thoracoplasty on the Spinal Column in 

One Hundred and One Cases 




Preoperative Scoliosis 

Postoperative Scoliosis 


Degree 

Eight 

Left 

Straight 

Spine 

Eight 

Left 

Straight 

Spine 

A. Right thorncoplasties 

Siight 

9 

4 

22 

0 

0 

1 

(41 eases) 

Moderate... 

0 

2 

0 

32 

0 

0 


Totals 

9 

6 

22 

38 

0 

1 

B. Left thoracoplasties 

Slight 

11 

7 

31 

0 

13 

1 

(00 cases) 

Moderate... 

4 

.. 


0 

40 



Totals 

15 

7 

31 

0 

59 

1 


Table 10. — The Fate of Curvatures of Pleural Scoliosis in One Hundred and Five 
Patients ivith Subacute and Chronic Empyema Treated by 
Thoracoplasty and Simple Drainage 


Simple Drainage (69 Cases) 

[ " I I 

No change in Progression Correction 
curvature of curvature of curvature 
(26 cases) (26 cases) (17 cases) 


Thoracoplasty (36 Cases) 

r T — “ — > 

Partial Complete Overcorrection (26 cases) 

correction correction t — ^ — 

(2 cases) (Senses) Double or S-shaped curves 

Thoracoplasty curvatures 
superimposed on a pleural 
scoliosis (5 cases) 


Of the 131 thoracoplasties, 101 were extrapleural and were carried 
out in the treatment of pulmonary tuberculosis. The remaining 30 
operations were Scliede thoracoplasties for empyema ; the intercostal soft 
tissues and much of the parietal pleural scar were excised as well as 
the ribs. As a result of this additional resection (soft tissues and 
restraining parietal pleura), the Schede type of operation (fig. f B) as 
a rule produced greater imbalance and greater alteration of spinal con- 
tour than did the extrapleural type. 

Before operation, in the group of 101 patients treated by extrapleural 
thoracoplasty there were S3 with straight spines and 48 with curvatures. 
Only 2 of the 101 patients had straight spines after operation, whicli 
effected complete correction of the preoperative curvatures (table 9). 
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Of tl.e 30 patients treated by the Sehede type of thoracoplasl; a 
had straight spines, 10 had slight deviations, and 8 had moderate curt. - 
tnres before operation. .Srfter operation there rvere / pat.ents tuth 
Straight spines representing corrections of previous curt attires anc 
with slight, 9 tvith moderate and 2 with moderately severe ovcrcorrcc- 
tions Double curvatures developed in 3 cases, the original prcoperativc 
deviations remaining unchanged except for the overcorrection ot the 


upper dorsal segments. 

The morphologic characteristics of thoracoplasty scoliosis have been 
considered under the topic of rib imbalance. 

Siuiplc Drainage of Einpyeina Cavities. — The rapid obliteration of 
the cavities in acute empyema by early adequate dependent drainage 
prevents extensive fibrosis of the pleurae and consequently prevents 
pleural scoliosis. In 43 cases of acute empyema with adequate follow-up 
data in which early rapid closure of the pleural cavity occurred, there 
were 17 in which correction of a spastic type of curvature took jilace 
soon after the establishment of the drainage, 26 in which no dei'iation 
developed and only 2 in which slight curvatures persisted after a com- 
plete cure of the empyema (table 10). 

Pleural scoliosis frequently does not develop until weeks or months 
after the onset of the empyema, and not infrequently the curvatures 
progress graduall)- over a period of many months. V on Kolliker and 
Hedblom have observed a progression of curvatures for as long as 
two years. Latent progressive curr^atures developed in 26 of 62 cases 
of chronic empyema in which adequate data were obtainable for a period 
of three months or more. 


Operations IVIiicIi Produce hnbalaiicc of Muscle Function [Phreni- 
ccctomy, Scalcniofomy and Intercostal Neurectomy). — A study of 50 
consecutive cases of pulmonary tuberculosis in adults who were treated 
by phrenicectomy alone failed to reveal a deviation of the spine which 
could be attributed to the paralysis of half the diaphragm produced by 
tins operation. An interval of at least three months after operation 
elapsed between comparative observations. 

Harrenstem =- reported the occurrence of scoliosis in 2 infants with 
unilateral diaphragmatic paralysis resulting from injur)- at birth. He 
attributed the scoliosis to the diaphragmatic paralysis. In both cases 


uiiyycniatischen SkoliL', pleuritischen und 

Jr :: 

icllakmunp, Zt.^chr. f. ithop.^ einseitiger Zwerch- 
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tliere were also extensive injuries to the brachial plexus, with paralysis 
of all of the muscles of the arm, which offers a more likely explanation 
of the scoliosis. 

By unilateral phrcniccctomy Marconi produced scoliosis in young 
rabbits in which rickets had been simultaneously produced experi- 
mentally by the administration of a strontium preparation. The con- 
vexit}' of the primary curvature was ahvaj'S on the paralyzed side. 

In three patients treated by scaleniotomy (division of the three 
scalene muscles) no change occurred in the contour of the spine. 

Four cases in wln’ch multiple intercostal neurectomy had been done 
were studied. In 3 of them slight but definite deviations of the spine 
developed after operation, and in each instance the convexity of the curve 
pointed toward the side on which operation had been performed. 

Lobectomy and Drainage of Pulmonary Abscesses . — Following total 
extirpation of the lower lobe of a lung in 11 consecutive cases of bron- 
chiectasis, a thoracoplast)'' t 5 ’pe of scoliosis developed in 9 instances. 
The curvatures were slight in 3, moderate in 5 and severe in 1 case. 
The last case is illustrated in figure 11. In this case only was there a 
curvature before operation, and this curvature was slight. 

Since the incidence and extent of the curvatures which develop after 
lobectomy are greater than reasonably could be explained by the imbal- 
ance produced by the costal resections necessary for the operative 
approach, it would appear that other factors contribute to the imbalance. 
The large space which is left after the lobe has been removed is oblit- 
erated by the remaining lobes, the mediastinum, the diaphragm and the 
thoracic wall, which are drawn into the space by contracting fibrous 
tissue. It is probable that the vertebral bodies are pulled laterally 
toward the thoracic wall and take part in obliterating this space. 

Surgical drainage of pulmonary abscesses in 15 cases was productive 
of spinal deviations in only 5 cases ; 4 deviations were slight, and 1 was 
moderate. Before operation there was a curvature (slight) in only 
1 case. Drainage of the lower lobe was done in 2 of these cases ; curva- 
ture of slight degree developed in 1 case and of moderate degree in the 
other. 

Miscellaneous Thoracic Operations; Induced Pneumothorax and 
Extrapleural Pneumolysis . — Occasionally an artificial pneumothorax may 
cause the spine to deviate slightly. Since the intrapleural pressvires and 
other circumstances related to pneumothorax therapy are so inconstant, 
no statistical data were collected. 

Twenty-two patients who were treated by unilateral extrapleura 
paraffin pneumo] 3 ^sis were studied. Slight deviations developed in 

26. Marconi, S.: Alterazioni rachidie sperimentali da tossici, Chir. d. org. di 
movimento 13:585 (July) 1929. 
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directed toward the side 


oi the series. The convexity of the curve was _ 
of operation in 10, and toward the opposite side m 4 cases. 

prevention and treatment of pleural scoliosis 
Although the principal interest in most of the spinal deviations inci- 
dent to thoracic disease and thoracic operations is academic, a certain 
small minority progress to a stage of deformity. The deformities occur 
only in certain cases of pleural scoliosis, occasionally subsequent to 
extensive costal resections and lobectomies, and only m children and 
young adults. 

Extensive deformity from any cause produces not only disfigure- 
ment of great concern to the patient, but also much impairment of cardiac 
and respiratory functions and often subjective symptoms such as pam 
and ease of fatigue. The restriction of respirator}' excursions greatly 
reduces the capacit}' of pulmonary ventilation. Disturbed anatomic 
relations of the heart and great vessels which impair their functional 
efficiency and evidence of interference with the return flow of the pul- 
monary circulation with chronic passive congestion of the lungs have 
been observed frequently at necropsy (Eckhardt -'). These factors 
not only limit the patient’s activities but also diminish his ability to 
combat any severe illness successfully. Pneumonia is a frequent cause 
of death. 

As pointed out previously, the spinal deviations associated with acute 
nontuberculous empyema usually correct themselves when the empyema 
cavity is obliterated promptly. Deformities develop with the chronicity 
of the disease, which, with few exceptions, reflects improper treatment. 
The first objective in the prevention of pleural scoliosis is therefore 
the early closure of empyema cavities by early, adequate and dependent 
drainage. Aon Kolliker-^ stated that the development of scoliosis is 
best prevented by the rapid healing of the disease. No scoliosis devel- 
oped in any of his cases in which drainage was done early by rib 
resection. 

In pure tuberculous effusions rapid closure of pleural cavities may 
be effected only by repeated thoracenteses, because drainage is contra- 
indicated, but drainage is applicable to many tuberculous effusions 
which are secondarily infected by pyogenic micro-organisms. 

In all cases with pleural effusions, regardless of the etiolog}-, a con- 
stant effort should be made to hold the spine in alinement or slio-htlv 
ovcrcorrected during the major portion of each twentj-four hours" not 
only during the period of active treatment, but also for several months 
after the ple ural cavity has been obliterated in order to prevent deform- 

27. EcMmdt. H.: Untersuchungen uber die Lage von Brest und Baucheinge- 


vveiden bci boebgradiger Ke-pliosbofiose. Ztschr. f. ChT 


48:125, 1927. 
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ity from Jatcnl contracture of the pleural scar. With the exception 
of infants and uncooperative children, this can be accomplished in most 
patients by posture; the patients lie on their affected sides, and if this 
sini])le occdiu e docs not deviate the spine in the direction of ov^ercor- 
rcction sufficiently to counteract the tendency to a pleural scoliosis, it 
may be sujijdemcnted by wedging, which is described under the topic 
])ostural wedge comj^ression,” In ambulatory patients it may be carried 
out during rest hours dining the day and at night 

Gaugele adilsed the use of an Abbott plaster jacket for the pre- 
vention, as well as the correction, of pleural scoliosis. The jacket is 
provided with a window for the care of drainage tubes and dressings. 
1 he Abbott treatment of all forms of scoliosis has in recent years been 
abandoned, and its use in the presence of active disease of the pleural 
cavit}'’ would be objectionable because of the interference with respira- 
tion and the proper supervision of the empyema, the lesion of primary 
importance. 

As pointed out previousl}^, the extensive costal and pleural resections 
of extrapleural and Schede thoracoplasties, when done primarily to 
obliterate chronic residual pleural cavities, ma}'^ partially or completely 
correct mild or even deforming pleural scolioses. Not infrequently 
an overcorrection is produced, and this is treated as a simple thoraco- 
plasty scoliosis. 

These same principles have been utilized by Hedblom,®^ Lilienthal,-® 
Sauerbruch,"® Gurd ““ and others in the treatment of residual pleural 
scoliosis in patients who have been cured of pleural or pulmonary disease. 
These surgeons have reported marked correction of curvatures by 
removal of ribs and pleural scars and by pulmonary decortication. 

PREVENTION AND TREATMENT OF THORACOPLASTY SCOLIOSIS 

Although the vertebral column deviates or sags into the unsupported 
side of the chest after the extensive costal resections of a posterolateral 
thoracoplasty, it is sufficiently plastic to permit considerable molding and 
correction by force until it becomes fixed from four to eight weeks after 
operation by the regenerated ribs, organized fibrous tissue and rein- 
serted muscles. If correction is maintained during this reparative period, 
permanent curvatures will be minimized and often prevented. If, how- 
ever, the periosteum has been destroyed or excised (as it is in a Schede 
thoracoplasty) the resected costal segments are not replaced, and the 

28. Lilienthal, H. : Thoracic Surgery, Philadelphia, W. B. Saunders Company, 

1925, vol.l. . 

29. Sauerbruch, F. : Chirurgie der Brusforgane, Berlin, Julius Springer, 

vol. 1. 

30. Gurd, F. B.: Scoliosis Accompanying Chronic Infected Open Pneumo- 
thorax, Arch. Surg. 5:366 (Sept.) 1922. 
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pntiv deorived of much of its support on the side on 
spine IS permanently deprned instances, however, this 

which operation has been per o™ _ previous imbalance from the 

lack of sapport may scoliosis. The 

iTtoplrXe^pi^iyl^^ correction by postural wedd- 

ing in these cases is beneficial but less eftective than m the cases m 
Avhich extrapleural thoracoplasty is done. 

COJIPRESSIOX BY A POSTURAL WEDGE 
The spine can be controlled and held in a corrected or o\ ercorrccted 
position most simply and most effectively by posture alone or by com- 
pression by a postural wedge. In the latter procedure, illustrated m 
figure 12, the patient lies on the diseased side or the side on wlncli 



Fig. 12. — Postural wedge compression (Bisgard, J. D.: J. Thoracic Surg. 3:99 
lOct.] 1933) : The patient lies on the diseased side or the side on which operation 
was performed, over a pillow which has been rolled in the direction of its long 
axis and placed at right angles to the axis of the body. By placing this fulcrum 
properly, the spine can be wedged in the direction desired. To correct and prevent 
pleural scoliosis, the fulcrum is placed high in the axilla, wedging the spine in 
the direction of overcorrection. To correct a thoracoplasty scoliosis the wedge is 
placed slightly more distal, that is, directly opposite or slightly caudal to the apex 
of the curve. The change of spinal contour which can be brought about "by this 
procedure is illustrated diagrammatically by the straight alinement of the spinous 
processes. The curved, broken line illustrates the position of the spine of a thoraco- 
plasty scoliosis before wedging. 


operation has been performed, on a soft compression wedge, such as a 
pillow which is rolled in the direction of the long axis and placed at 
right angles to the axis of the body. If this fulcrum is placed properly, 
the weight of the body wedges the spine in the direction desired In 
cases of developed or potential pleural scoliosis, the wedge is placed 
high m the axilla ot the diseased side (with the arm completely abducted 
- id the head elevated) so that the entire thoracic spine is deviated in 
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the reverse cHreclion, tJie direction of overcorrection. To correct and 
prevent tlioracoplasty scoliosis, it is placed exactly opposite or slightly 
caudal to tlie apex of the curve, thus applying pressure on the spine 
at a lower level. The correction which can be obtained by postural 
wedging is illustrated in figure 13 . 

This procedure not only is the simplest and most effective method 
of controlling the vertebral column, but also has the added advantage 
of contributing compression and immobilization to the thoracic wall 
and rest to the diseased lung or pleurae. Also, it does not interfere 
with the free respiratory excursions and pulmonary ventilation of the 



Fjg. 13. — Postural wedge compression : A, a roentgenogram of a thoracoplasty 
scoliosis taken with the patient sitting upright. The first stage operation had been 
done three weeks, and the second stage operation one week, previously. B, the 
same patient ; this roentgenogram was taken during postural wedging, with the 
patient lying on the side on which operation occurred. In comparing the two roent- 
genograms, note that almost complete correction of the curvature has been obtained 
by wedging. The arrows in both roentgenograms outline an open pulmonary 
cavity which is partially concealed by the vertebral shadows in B, but with the 
vertebrae wedged into straight alinement in C, its entire circumference is clearly 
visualized. This use of postural wedging to gain increased roentgenologic visua 
ization of the compressed lung after thoracoplasty has been reported elsew ere 
(Bisgard, J. D. : J. Thoracic Surg. 3:99 [Oct.] 1933). 


healthy side. Except for these reasons the curvatures of pleural scoliosis 
could be Avedged equall)’' or more effectively with the patient lying on 
the unaffected side, with the fulcrum placed at the apex of the curve. 




BISGARD—THORACOGENIC scoliosis •’‘ i ’ 

To illustrate this point and to indicate other circumstances in which 
postural wedging may be used, a case is cited. 

Recently a child with extensive third degree burns of the left half of the trunk 
was treated by postural wedging. As a result of protective spasm and scar con- 
tracture, a moderately severe dexter convex curvature had developed. The curva- 
ture was promptly corrected with the patient lying on the uninvolvcd side over a 
rolled pillow, and the correction was constantly maintained until the burned areas 
had become completely epithelized with the aid of skin grafting. The cliild was 
examined one month after weight bearing had been resumed, and the spine was 
straight. 



Fig 14. A child of 7 years with chronic empyema and an early pleural scolio- 

tal-e ’• "’hh the patient standing, and B roentgenogram 

taken with the patient lying and undergoing postural wedging. ^”'g^"°Sram 


1 may be held in position for postural wedging in 

Tim • ; V' Patient lying on the 
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are defimtel) progressing, the following 
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pioccditics htivc been lecommendccl I)y many orthopedic surgeons; (1) 
con eclive g} nuiastic and breathing exercises ; (2) supportive body braces 
and jack-ets; (3) longitudinal traction on the head and pelvis, and 
(4) osteosynthesis of the spine after correction with a Risser turnbuckle 
cast. 

^^^len established, the curvatures of pleural and thoracoplasty scoli- 
oses are more resistant to correction than all other types, such as the 
paralytic and the idiopathic. When they are progressive, their progres- 
sion likewise is much more difficult to prevent and usually continues 
despite the support of a bod}' jacket or brace. Likewise, stretching and 
corrective exercises neither correct nor alter the course of progressive 
scoliosis. In most instances these curvatures can be controlled only by 
the internal fixation obtained by fusion of the entire spinal segment 
which constitutes the primary curve. 

SUMMARY 

1. A study of the influence on the spinal column of thoracic disease 
in 518 cases and of the surgical operative treatment of thoracic disease 
in 336 cases is reported. While lateral deviations of the thoracic spine 
had developed in a large percentage of cases in both groups in only 
11 cases were the deviations great enough to give rise to a deformity 
of major clinical importance. Deforming curvatures occurred in only 
a few cases with extensi^'e chronic pleuritis and in an occasional case 
in which successful treatment necessitated an extensive Schede thoraco- 
plasty or lobectomy. It is significant that these deformities occurred 
only in children and young adults (less than 20 years of age). 

2. Certain observations and deductions of academic interest are pre- 
sented. With the etiology' of many' thoracogenic curvatures definitely 
known and capable of analy'sis, an unusual opportunity is given to study 
the mechanics of the thoracic spine. The various types of curvatures 
and the mechanism by' which they' are produced are described. This 
mechanism is presented on the basis of an imbalance of the opposing 
forces acting on the vertebrae. 

3. All curvatures may' be divided into two principal groups; 
(a) Rotary scoliosis. In thoracoplasty, as in most, if not all, ty'pes of 
scoliosis with the exception of pleural scolioses, the force of' torsion 
associated with lateral deviation causes the vertebral bodies to rotate 
into the side of convexity', (b) Nonrotary' or pleural scoliosis. All cur- 
vatures produced by the scar of chronic pleuritis are designated as pleural 
scolioses. This type of curvature is unique in respect to the absence 
of rotation of the vertebral bodies. 

4. Methods of prevention and treatment of thoracogenic curvatures 
are discussed. Most pleural scolioses may' be prevented by the early cure 
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of the pleural disease and by constant maintenance of correction or 
overcorrection of the spine by postural wedging. Also, many instancc.s 
of thoracoplasty scolioses may be prevented by constantly wedging the 
spine straight until it becomes fixed. 

For the control and treatment of certain severe and progrcssir'c 
curvatures, internal fixation by fusion of the vertebral column is rec- 
ommended. Every patient less than 20 years of age who has liad 
chronic infection of the pleural cavit}'- or has been treated by extensive 
thoracoplastic operations should be observed frequently for at least a 
year, and if the curvature shows a tendency to progress despite conserva- 
tive treatment, the spine should be fused to prevent the development 
of a severe deformity. 

From this study and from clinical observations the author has been 
unable to discern any criterion by which one may prognosticate in an 
individual case the likelihood or degree of development of thoracogenic 
cun'atures. 
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For the last two decades the problem of bone formation in its various 
aspects has occupied the attention of many investigators. That phase of 
the question which deals with the mechanism of healing after fracture 
has been prominent in the field, and during this time quite new concep- 
tions of the process have been evolved. From the purely academic 
aspect man}’’ points relative to the exact mechanism of the process 
are disputed. It may be considered that there is no unanimity of 
opinion on the following questions: (1) whether there exist in the 
human adult specific bone-forming cells — osteoblasts; (2) whether such 
cells can be evolved on demand, so to speak, by metaplasia of ordinary 
fibrillar connective tissue cells ; (3) whether only certain connective tis- 
sue cells are capable of this transformation; (4) whether the cell itself 
plays any active part of a specific nature in the process; (5) whether 
there is formed in the process of ossification a specific preosseous sub- 
stance or matrix, and if so, (6) whether, after it is calcified, it is 
possible to remove calcium therefrom without coincidentally removing 
the associated matrix; (7) whether the deposition of calcium in the 
tissue associated with the formation of bone, be it in a preosseous 
matrix or not, is the result of the activity of an enzyme or independent 
of it; (8) if an enzyme is involved, whether it is the product of local 
cellular activity, specific or otherwise, or of local death of ceils, or 
whether it originates at some point remote from the site of the formation 
of bone and is brought to the scene of action by the blood stream. The 
bibliography covers the range of the investigations along these lines and 
reveals a tremendous diversity of opinion. 

Disregarding for the purposes of this article the purel)'^ academic 
side of the question, and taking into consideration only the phases of the 
problem which can be of practical working value to the man who has to 
take care of fractures and promote their prompt and efficient healing, 
there can be gathered from the mass of conflicting findings and inter- 

Frotn the Fracture Service of the Presbyterian Hospital and the Department 
of Surgerj', College of Physicians and Surgeons. 

Read before the Section on Orthopedic Surgery, at the Eighty-Fourth Annua 
Session of the American Medical Association, Milwaukee, June Id, 193.1 
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Dretations thereof a number of observations which appear to have suO.- 
"bSntW support to tvatraut clinical appl, canon ,nthctrca„„cn. 

of fractures in the adult. _ re • ..,u e<,n 

I shall first present the obsen^ations winch are sufficient y w . p- 
ported to be, if possible, clinically applied; next, a resume of the mam 
supportive evidence for these observations, and finally, my point of mcv. 
asTo the influence of these obserr-ations on the treatment of fractures 
in general and as to the special application of some of them to .specific 

fractures. 


A. observatioxs sufficiently well supported to be, if possible, 

CLINICALLY APPLIED 

I. All fractures heal as do wounds elsewhere, unless there is a 
mechanical, chemical or anatomic bar to the healing. This healing, in 
common with that of wounds of the soft parts, takes place through the 
medium of new connective tissue known as granulation tissue. When 
referring to dela 3 'ed union and nonunion after any fractures in which 
healing through granulation tissue has occurred, one in reality refers to 
a delay or failure in the process of calcium deposition in the healing 
connective tissue which is commonly designated as new bone formation. 

II. Variations in the character and amount of the healing process in 
bone following fracture are dependent on factors limited to the region 
of the body involved, quite independent of the subject involved. 

Corollary 1. — Slow union and nonunion are not influenced by the 
age (per se) of the patient, by his general state of health, by the 
presence of chronic general disease such as syphilis or cardiovascular 
or renal disease, by general wasting due to other causes, by general 
metabolic disturbances affecting either the general calcium and phos- 
phorus metabolism (osteomalacia) or other phases of metabolism 
(diabetes) or by acute infectious disease. 

Corollary Z.—Therapy designed to alter the patient’s general 
metabolism, specifically to affect his general calcium or phosphorus 
metabolism or his general state of health, have no appreciable effect on 
the process of healing. 

III. The four factors involved in the mechanism of the healing of 
tractures and capable of being clinically influenced are: (1) the local 
loiltology; (2) the gtotvth of granulation tissne; (3) an available local 
tmttce of cakram for the ossification of the healing tissue, and 141 a 

vZIs *ronghout the healing 


Ural Polidojy.— The items of importance under this factor ar 
« The amount of tissue necrosis. When massive, it destrovraS 
able sources tor the growth of granulation tissue and under ail cirem 
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stances it creates a pjj to the acid side (often markedly so) in the 
hematoma and tissue fluids about tlie site of the fracture. This pn is 
of importance in tlie production of the local source of calcium and is the 
essential early stage of the biochemistry of the tissue fluid. 

(b) The hematoma or blood effusion at and about the site of the 
fracture. This influences the growth of granulation tissue through its 
fibrin content and the possible persistence of its fluid content in situ, and 
also the establishment of a local source of calcium under proper condi- 
tions of pii in the tissue fluid by acting essentially as a decalcifying 
fluid and, through adsorption affinity between calcium and its fibrin 
content, b)'’ holding the freed calcium in situ. 

(c) The circulatory status of the part (including the lymphatic and 
tissue fluids) in the early and late stages of fracture healing. Its sig- 
nificance lies in its influence on the growth of granulation tissue, and on 
the establishment of and utilization of a local source of calcium through 
its influence on the pH of the tissue fluids. 

(d) Chemical and physical influences through their effect on the 
growth of granulation tissue and the biochemical status of the part. 
Under the former may be noted the therapeutic use of chemicals locally 
(disinfectants, etc.) and infection, and under the latter, the use of such 
agencies as roentgen rays and diathermy. 

(e) The mechanical element, i. e., the interposition of living or dead 
material impermeable to the growth of granulation tissue between the 
fragments. 

Growth of Gramdation Tissue . — The items of importance under this 
factor are : (a) The amount of tissue necrosis in relation to the amount 
of healing tissue called for in replacement. All other factors being 
equal, the amount of callus produced is directly proportional to the 
amount of granulation tissue produced. 

(b) The amount of tissue necrosis in its relation to the destruction 
of available sources for the growth of granulation tissue. 

(c) The anatomic characteristics of the part in relation to the avail- 
ability of sources for the growth of granulation tissue and accessory 
circulation. 

(d) The amount of fluid persisting for a long period at the site of 
the fracture. 

(a) Elements d and e mentioned under local pathology (chemical 
and physical influences and the mechanical element). 

Available Local Source of Calcium . — The items of importance in 
the ossification of the healing tissues are: (a) The amount of bone 
necrosis. 

(&) The density and degree of fragmentation of the necrotic bone. 
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(c) The influence of fibrin and collagen in fixing the calcunn locally 
through chemical affinity. 

(d) The biochemical status of the local tissue fluids. 

Propa- Biochemical Status of the Local Tissue Fluids Tlmoughout the 
Healing Process.— This factor involves the necessity in the local tissue 
fluid of a pn on the acid side in the early days following the fracture in 
connection with the establishment of a local source of ayai able calcium 
for ossification of the healing tissue, and a reversion of the Pn ot the 
local tissue fluid toward the alkaline side before tbe calcmin made avail- 
able can be to any extent deposited in the new tissue to form bone. 
The constituents normally involved in this phase of the process are the 
amount of tissue necrosis, the content of local living tissue cells, the 
degree of metabolic activity of the cells and the circulatory status 
(blood and lymph) of the part. 


B. EVIDEXCE SUPEORTIKG THE OBSERYATIOXS LISTED UNDER A 


I, ^Yhether, as an academic question, there exists in the adult a 
specific osteoblast essential to new bone formation, whether any or 
certain connective tissue cells may under proper conditions be trans- 
formed through metaplasia into cells specifically concerned in new bone 
formation, i. e., become osteoblasts, or whether there is no need for the 
specific activity of any cell in the process — new or young connective 
tissue being the only necessity — it must be acknowledged that the actual 
formation of bone occurs only after undifferentiated connective tissue 
healing and by a transformation of that healing known as ossification. 
Regardless again of the academic discussion as to whether this trans- 
formation is effected with or without the formation of a preosseous 
matrix and as to whether the calcium deposition therein is the result of 
the activity of a ferment or independent of such an activity, it is to the 
transformation of ordinary wound healing into bone that the terms slow 
union, delayed union and nonunion refer. The only true nonunions — 
that is to say failures of healing — ^are those due to the mechanical, 
chemical, physical and anatomic causes discussed subsequentlv under 
HI (factors involved in the healing of fractures). 


II. The preponderance of evidence, clinical and experimental, sup- 
ports this observation. In the absence of the local factors mentioned 
under I of section A and discussed under III of this section, which 
prevent even ordinary' connective tissue healing, and interpreting 
the terms slow union, delayed union and nonunion to refer to variations 
m calcium deposition m the healing connective tissue, the followincr 
may he listed in support of observation II and its corollaries • 

Certain regions of the body, even under apparently optimum condi 
nrc durac.en.«l by a s.o,v average healing ii J and bHet 
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quent occurrence of delayed union and nonunion in adults. The neck 
of the femui (subcapital or midcervical), the junction of the lower and 
middle thirds of the tibia, the scaphoid of the carpus (proximal half), 
the base of the fifth metatarsal and the junction of the lower and middle 
thirds of the humerus are characteristic regions. 

In patients who have fractures in these regions and simultaneous 
fractures in regions not so characterized there is no perversion of heal- 
ing in the latter, all other factors except location being equal. 

The preponderance of evidence based on recorded observation and 
not on impression is against the influence of any of the factors listed 
under corollary 1. All the factors listed may influence mortality 
markedly. In a leg which has been edematous and secondarily fibrosed 
for a long time as a result of cardiac or renal disease the healing maj^ 
be abnormally slow, but the cause is the local circulatory status and not 
the cardiac or renal disease. If the local circulatory status can be influ- 
enced, even by mechanical means, healing may be influenced, though the 
disease itself may go on to a fatal issue while the healing is progressing 
normalty. ' Similarly it is true that older people are more subject to 
vascular and chronic cardiac or renal disease. The mortality is apt to be 
high following injury in these patients. But if the local circulatory 
status of the part involved by fracture is not irreparably compromised, 
the healing of a fracture is not affected, nor is it at all affected in a 
patient of any age if there is no impairment of the circulatory efficiency 
of the part. 

The theory that the presence of syphilis is deterrent to the healing 
of a fracture has long been exploded. It is conceivable and probable 
that local vascular impairment, local necrosis and sclerosis of the bone 
from any cause may be factors interfering with the normal process. 

The preponderance of clinical and experimental evidence on the 
calcium and phosphorus levels of the blood during the healing of a 
fracture is unquestionably to the effect that there is no correlation 
between variations in these levels and variations in the healing process. 
In keeping with this are the clinical findings in osteomalacia and rachitis, 
in which healing is normal or slight^ more rapid than normal after 
fracture, although there exists an actual negative balance in the former 
and an acknowledged metabolic disturbance in the latter. In cases of 
fragilitas ossium the healing is also unaffected by the presence of the 
disease. The same is true of cases of fibrocystic disease per se. ^ A 
case at the Presbyterian Hospital a few years ago furnished a striking 
example of the lack of correlation between the state of calcium metabo- 
lism and the healing of a fracture. A gastro-enterostomy l^ad been 
performed four years previously for the relief of a supposed gastric 
ulcer. The patient was admitted several times for successive spon- 
taneous fractures. Roentgen examination showed general osteoporosis. 
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The phosphorus and calcium levels of the blood remained '^on^tnntly 
normal, though the patient showed a negative balance. EvetUua Iv death 
resulted from an embolus. An autopsy showed the supposed gastro- 
enterostomy to have been a triple anastomosis between the stomach, 
ieiunum and transverse colon as the result of a gastrocolic fistula, so 
that most of the food passed directly from the stomach to the transverse 
colon Under these conditions the intake of calcium was negligible, ami 
the blood calcium was kept up by withdrawals from the skeletal system. 
Despite this situation all the fractures healed with profuse callus. 

My personal observations and the recorded clinical observations ot 
others offer no support for the suggestion that there is any material 
A'ariation in the healing of a fracture in patients with general mctaholic 
disturbances, such as diabetes, disease of the thyroid gland and similar 


conditions, which is referable to the disease in the absence of thoroughly 
adequate grounds for such variation at the site of the fracture. 

Corollary 2 follows 1 as a logical sequence, and, in addition, is 
supported by the recorded literature and by my personal investigations 
and obsen-ations over a number of years. 

III. The following factors are involved in the mechanism of frac- 
ture healing; 


1. Local Paibology. — (o) Tissue necrosis. The primary' healing fol- 
lowing a fracture is always by a tissue indistinguishable from granulation 
tissue; this tissue can be. and often is, derived in large part from tissue 
entirely outside of the bony structures; in fact, following tissue necrosis 
in the soft parts quite distant from bone, the formation of bone occurs 
in numerous sites in the body following disease and injury and can be 
produced experimentally in granulation tissue without the introduction 
of any osseous elements. Massive necrosis of tissue affecting the 
sources for the growth of granulation tissue into and about the 
site of the fracture from osseous or soft part structures is obviously 
a bar to the primary healing, without which the subsequent 
healing of the bone is impossible. Necrosis of tissue is accom- 
panied by' autolysis and often by a marked change in to the 
acid side in the tissue fluids. A as low as 4.2 has been recorded. 
The local primary acidity over a period of days (for which tissue 
necrosis is partly responsible) has been dehnitely established after a 
racture. The importance of this primary acidity of the tissue fluids 
and Its role m the decalcification of the dead bone at the site of the 
t racture is discussed in more detail under factors 3 and 4 


(b) Hematoma or blood effusion at the site of the fracture Ev 
animal espenment and obsen-ations on tissue cultures, the relationship 
1. tivecn edequate formation of fibrin nettvork and satisfaetorp Zv& 
n. qranulation tissue is made clear The demonstrated early fdd ^ 
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of the fluid poilion of the blood effusion is of significance as regards 
its effect on the pn of tissue fluid and its role in making local calcium 
available and in utilizing it for deposition, as is the chemical affinity 
of fibrin for calcium (similar to that existing between calcium and the 
hyalin of hyaline cartilage and the collagen in which new connective 
tissue is so rich), which can serve to hold locally available the calcium 
liberated from dead bone at the site of the fracture. During the days 
just following the fracture the fluid portion of the hematoma is a 
factor of importance through its pn in establishing the local source of 
calcium; if it is extensive and remains as fluid in situ ( dependent on local 
circulatory efficiency), it may be a hindrance to the proper progress 
of the growth of granulation tissue (the effect of a fluid medium on 
the growth of tissue). The reputed backwardness in the healing of 
fractures bathed in synovial fluid is thus logically explained. 

(c) The circulatory^ status of the part, including the tissue fluids, 
in early and late stages of fracture healing. The evidence supports the 
view that for the first week or so following a fracture there is normally 
a pn definitely and often markedly to the acid side, dependent on ele- 
ments cited under' “local pathology” and under “biochemical status of 
the tissue fluids.” The necessity for this acid pa is discussed under 4. 
Relative circulatory stasis in the part is essential at this time to render , 
available for use calcium derived from dead bone at the site of the 
fracture, decalcification of such bone occurring only in an acid medium. 
The circulatory stasis prevents the too rapid carrying off of the acid 
products of necrosis and autolysis which are largely responsible for 
the pn status, and actually intensifies this status by its effect on the 
metabolism of the living cells present. The analogy’^ may"^ be aptly drawn 
between the status of the part as regards the pn of tissue fluids and the 
carbon dioxide concentration in a given room. The parallel involves four 
main factors : ( 1 ) the number of people in the room, corresponding to the 
cell population in a given region of tissue; (2) the state of metabolic 
activity of those people — active, quiescent or in a state of death and 
dissolution — the parallel in the tissues is obvious; (3) the chemical char- 
acteristics of the air supplied to the room, corresponding to the quali- 
tative circulatory status of a given part; (4) the rate of renewal of the 
air supplied to the room, corresponding to the quantitative circulatory 
status of a given part. 

Similarly', following this initial period of stasis, a return to the 
normal circulatory' status will be accompanied by a diminution m 
the acidity of tissue fluids, to a point compatible with the deposition of the 
freed calcium. This apparently occurs only' in the presence of the more 
alkaline pn (this holds true under all points of view advanced in t e 
academic study of the exact mechanism of this deposition); when tie 
fluid content of the hematoma is large and it has remained locahzec 
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and undiffused its diminution through the nrcreased circulatoi} cfti 
ciency removes a definite bar to the growth oi tissue. 

Impairment of the circulator)^ status sufficient to cause massive 
necrosis is discussed under The result of prolonged crculato 

stasis with its effect on tissue metabolism and its maintenance of acid it)^ 
in the Pn of tissue fluids is obvious. It is also obvious ffiat when tl e 
amount of necrosis is extensive but not sufficiently massive to ob\ la e 
the possibilit)' of adequate growth of granulation tissue in replacement, 
the time needed to restore the pn of tissue fluids to levels compatible 
with calcium deposition is in direct proportion to the interrelationship 
of two factors; the amount of necrosis and the speed of restoration 
of circulatory efficiency. In patients with a small amount of neciosis 
and with a normally rich circulatory apparatus the element of rajiid 
restoration of a high degree of circulatory efficiency becomes a matter 
of relatively little importance in the treatment as regards the healing 
of bone. Proportionately to the increase in the amount of necrosis and 
the anatomic capabilities of the part as regards circulatory efficiency, 
this element becomes more and more important in the treatment from 
the standpoint of calcium deposition, via., healing of bone. 

(d) Chemical and physical bars to the healing of tissue. The influ- 
ence of infection in producing continuous necrosis by chemical means, 
thus preventing primary healing, is obvious, and it has been demon- 
strated that with many suppurative processes there is established, even 
in the absence of extensive necrosis, an acid pa resulting in the decalci- 
fication of bone and in but little or no calcium deposition in the granula- 
tion tissue which may, however, be overabundant. Unfortunately 
I am not aware of any investigation of the interesting question of 
the pH of tissue fluid in low grade and relatively chronic infections 
characterized by increased formation of bone or exuberant 
callus after fracture. Included in the group of physical influences 
I should like to mention the effect of diathermy (considered as 
internally applied heat) and of roentgen rays. Diathermy under 
high milliamperage. as frequently used early in the treatment of 
fractures, may be, and unquestionably frequently is, a definite bar to 
healing by an actual devitalization of the tissue, aiding decalcification 
but interfering with the subsequent calcium deposition (factor 4). Its 
beneficial effect under any circumstances in this respect is highly prob- 
cmatic; if there is any. it can be exercised only at low milliamperages 
prodtKing no damage to the tissues and can be of benefit only in relaxing 
vascular spasm to relieve congestion. It is highly improbable that after 
die first five to seven days constant local circulatorv congestion can have 
any cxcep a deterrent effect on calcium deposition. Exposure to roent 
.en rays ,s subject to the same general reservations. 
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(c) Mechanical bars to the growth of tissue. The role played by 
soft parts, including periosteal daps, whether living or dead, and by 
large fragments of dense bone, if dead, as mechanical bars when inter- 
posed between the ends of the bone requires no discussion. 

2. Grozvth of Granulatiou Tissue. — (c) This point is supported 
beyond dispute b}' clinical (including roentgenographic) and experi- 
mental evidence and holds true up to the point of massive necrosis as 
discussed under b, 

(b) When necrosis becomes sufficiently massive it serves obviously 
as a bar to the growth of granulation tissue through the removal of all 
locally available sources for such growth. 

(c) The anatomic characteristics of the part are frequently a reason 
for the lack of growth of granulation tissue. When a fracture 
occurs in a region such as the neck (intracapsular) of the femur or 
the proximal half of the carpal scaphoid there is naturally a varying 
amount of necrosis and circulatory damage. Because of the exceed- 
ingly minimal or even totally lacking circulatory status of the proximal 
bony fragment in each instance the source for the growth of granulation 
tissue and adequate accessory circulatory supply is in the surrounding 
soft parts. In the former case there is only the dense fibrous capsule,’ 
in the latter there is frequently nothing at all, or, at most, a mere bit 
of fibrous ligament. Thus scant growth of tissue occurs, often with 
so-called "aseptic” necrosis of the separated portion of bone. Even if 
some growth of granulation tissue is possible, it is hindered by the 
presence of synovial fluid (the effect of a fluid medium on the growth 
of tissue). In contrast to the femoral neck with its characteristic changes 
even when adequately reduced, one notes the intertrochanteric region 
but a few centimeters away, where, in a class of patients identical with 
those in the group with a fractured neck, the healing by bony union is 
not only profuse and rapid but occurs so universally that these frac- 
tures heal despite obvious gross mistreatment and under practically all 
conditions. .The essential difference lies in the fact that the intertro- 
chanteric region is buried in large fleshy and vascular muscular attach- 
ments — a rich accessory circulatory reservoir. The fluid may be a 
factor in all fractures involving joints sufficiently to allow the bathing 
of the fractui'ed surfaces in synovial fluid. The factor of a deficient 
source for new tissue holds true in explanation (so far as the growth 
of tissue is concerned) of fractures at the junction of the lower and 
middle thirds of the tibia and similarly characteristic regions, where the 
soft parts surrounding the bone are largely skin, tendon and fascia 
providing a poor source of growth. The site in the tibia is particularly 
interesting from this standpoint since the inner face with a tightly o\er 
l}'ing skin affords the scantiest growth of tissue and resultant healing 
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( u f^vternal face with its tendinous and areolar planes, affords 

.ith its muscular attaduncnls. 

shows the greatest amount of callus. The analogs to t ic ucc o 
femur and intertrochanteric region is obvious. 

(d) The amount of fluid persisting over a long period at the site 
of the fracture offers a definite bar to the adequate grou 1 1 o granu a 
tion tissue. A large hematoma which remains circumscribed and synovial 
fluid are good examples. It is to be remembered in the former case, 
however, that hematoma fluid has been shown after a number of days 
to contain a large percentage of calcium from the decalcified dead bone, 
and any efforts to get rid of it are therefore best made before such 
decalcification takes place, viz., at the onset of treatment. ^ Late remor al 
of such fluid, while it is an aid to the growth of tissue, withdraws some 
of the local calcium arailable for deposition in the new tissue. 

(e) The elements d and c discussed under “Local Patholog}' (clin- 
ical, physical and mechanical bars to tissue growth). The influence in 
this connection of the factors there discussed is obvious. 


3. Source of Local Calchim . — Not only does the clinical evidence 
support the view that the effective source of tlie calcium used for callus 
in the primar}' healing process following fracture is the traumatized 
bone at the site of the fracture, but experimental evidence bears out the 
clinical findings and in the main adequately supports the view that the 
levels for blood calcium and phosphorus and the general calcium metab- 
olism have no appreciable bearing on the question of primar)' healing 
of fractures and that as a source of calcium the dead bone at the site 
of the fracture can actually be substituted for by calcium salts of various 
types introduced in replacement of such dead bone or used as a source 
of calcium in soft parts unconnected -with bone to produce actual ossifi- 


cation when the other factors involved in the process of the formation 
of new bone are concurrently reproduced. It must be remembered that 
the local source of calcium is only one in a complicated interrelationship 
of factors, and that, while there is evidence to show that it can be sub- 
stituted for. the clinical application can be considered to be purely in an 
experimental stage and unpractical for use at the present time. 

The local decalcification of dead bone, the rapid local concentration 
of calcium in the soft parts surrounding the site of the fracture the 
mdependence of these t^vo factors from variations, clinical and experi- 
mental. m calcwm intake, output and balance are all supported by the 
major weight of published evidence and by personal obser%'ations. 

(a) If the source of the calcium utilized in the ossification of the 
healing tissue following fracture is derived locallv by decalcification of 
Uw ot necosisfe fte lo„=Ts“bri„„° 
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(b) If, however, this dead bone is one large mass of dense cortical 
bone the actual amount of calcium made available is relatively small as 
compared with a similar aggregate of bone in the form of small com- 
minuted fragments or of cancellous bone. It is merely a question of 
surface area exposed to the decalcifying action and of feasibility of 
ingrowth of the tissue. It is for this reason that in general chip grafts 
and thin osteoperiosteal grafts or shaA'ings result in more profuse for- 
mation of bone than do massiA^e cortical grafts, and that a massive graft 
Avhich includes both the cortex and the underlying cancellous bone is 
more efficient than one Avhich comprises merely the dense cortex. 

(c) The influence of fibrin from the effused blood and of the col- 
lagen in Avhich young connective tissue is so rich is a matter of impor- 
tance in holding in situ the calcium made available under the conditions 
of factor 4. The adsorption affinity betAveen calcium and these two 
substances is definite and is the explanation of Avhy the calcium remains 
available locally instead of being rapidly carried aAvay as soon as circu- 
lator}' efficiency approaches the normal. 

(d) The biochemical status of the tissue fluids is a vital influence. 

4. Biochemical Status of the Local Tissue Fluids. — Regardless of 
the exact mechanism Avhereby decalcification of dead bone occurs to 
furnish available calcium and of the exact mechanism whereby such 
available calcium is deposited in the neAvly formed connective tissue to 
form bone, all the evidence supports the view that for the former there 
must exist an acid pa in the local tissue fluid, and that such a pK is 
incompatible with the deposition of calcium in the newly formed tissue, 
the latter process being possible only when the pH has reverted to an 
approximation of the normal average pH in tissue fluid, viz., relative (as 
compared with the stage of tissue death and autolysis) alkalinity. Tlie 
parts played in the production of these two phases of pn in tissue fluid 
by the factors of tissue death from whatever cause, rate of local cell 
metabolic activity, local cellular richness, anatomic characteristics of 
the part, qualitative and quantitative status of the local circulatory 
process (including lymphatic and tissue fluids) and infection, have 
already been indicated. It is also obAuous that if the biochemical status 
of the part is unfavorable, calcium, even if present in dead bone, cannot 
be made available, or if made available cannot be utilized Avithout a 
change in the condition of pH responsible for making it available. 

C. INFLUENCE OF THE STATED OBSERVATIONS ON THE 
TREATMENT OF FRACTURES 

On the basis of these obserA^ations the process of healing in a frac- 
ture is one in Avhich, folloAving the injury and the resultant inflammatory 
process, an acid pn of the local tissue fluids, dependent on the mterrcla- 
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tionship of tissue necrosis and circulatory efficiency, is associated with 
decalcification of the dead bone at the site of the fracture. Such hb 
ated calcium is held locally by a chemical adsorptioir affinity hctrvccn it 
and the fibrin of the hematoma and the collagen of the new > ormcc 
“LSw, tissue-i. e,. gra^lation fes.e-growing ro„, all .recl.ons 
along the fibrin netrvork at the site of tlie injury, producing a local con- 
centration of calcium about the fracture. With increasing cell metab- 
olism, and with interrelated increasing efficiency of circulation and 
carT>nng away of the products of necrosis, there is a reversion of this 
acid pH to the alkaline side, and coincident with this change there occurs 
a deposition of the local adsorbed calcium in the newly formed connec- 
tive tissue to form new bone. Evidence has been listed to support this 
point of view. If it is correct, methods of treatment can help the heal- 
ing by aiding, if necessary ; 

(a) The establishment of the early acid pH in local tissue fluids at 
the site of the fracture. 

{h) The adequate growth of granulation tissue. 

(c) The reversion at an early date to a relatively alkaline pn in the 
local tissue fluids which will allow calcium deposition in the newly 
formed tissue. 

(d) The maintenance of a proper interrelationship between the local 
metabolic activity and the circulatory efficiency. 

There is no difficulty in establishing an early acid pa. The chief 
danger lies in such extensive tissue death and relative circulator}' ineffi- 
ciency that this primary state may persist long beyond its useful stage 
and become a hindrance by subsequently interfering with calcium depo- 
sition. It may be considered practically impossible to restore circulatory 
efficiency and the coincident increased cellular metabolism with removal 
of products of necrosis so rapidly as to interfere ndth the adequate 
operation of tissue fluid pn on the acid side. 

In fresh fractures the local source of calcium is therefore 
readily established. It is extremely doubtful whether the intro- 
duction artificially of a local source of calcium in fresh uncomplicated 
fractures is ever necessary. If such an introduction is ever made clin- 
ically useful it will be in cases in which there is a definite loss of sub- 
stance with a deficit of bone-i. e., of local cakium-or in old cases of 
delayed union and nonunion, in which the primary stage has been passed 
a ,m,My avaseuW and noncalcified tissue occupies the region of 

e fracture and then only tvhen, coincident tvith the introduction of 
I t source of calc, um, the other factors involved can be established as 
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The adequate growth of granulation tissue is dependent on an 
adequate source dor sucli growth, viz., available vascularly active tissue, 
and the absence of deterrent agents such as excess Buid, infection and 
mechanical factors. 

Failure of growth of granulation tissue is a frequent cause, of inade- 
quate callus. In general, one can say that the restoration of the circu- 
latory status of the part to that approximating normal for the patient 
as early and as fully as possible should be the aim of treatment designed 
to influence this factor. The most effective means of doing so is the 
active use, within pain limits, of the muscular apparatus of the part 
from the beginning of the treatment. Proportionately as the chosen 
method departs from this ideal one adversely influences the growth of 
granulation tissue as well as the biocheinical element. Active and pain- 
less muscular contraction produced by artificial (electrical stimulation) 
means is a relatively inefficient substitute. If this is impossible, painless 
gentle massage (early) may at least relax muscular and vascular spasm 
sufficiently to improve the local circulation. Absolute immobility of the 
part as a rvhole is least apt to aid adequate granulation tissue healing. 
Moreover, in cases in which the source of granulation tissue is deficient 
because of the anatomic characteristics of the part, as heretofore 
described, operative intervention — under proper circumstances as 
regards organization, personnel, equipment and patient — may well be 
indicated as the primary procedure, if, as a result of operation, not only 
good position but also new sources of growth of granulation tissue are 
obtained and early active muscular activity is made possible by rigidity 
of fixation at operation. In general, it can be said that healing is slower 
following operative care in fresh fractures than after closed treatment, 
except when active motion of the part is possible shortly after operation, 
assuming, of course, that the operative procedure is or can be so per- 
formed that extensive tissue necrosis and vascular damage are not con- 
comitants. This is a matter for consideration in fractures in the regions 
referred to previously where the anatomic characteristics of the part 
are a bar to healing. Incidentally, as a corollary, no operative reduction 
should be performed under any conditions, except as a matter of neces- 
sity, unless the method of operative fixation allows early active function 
(if necessary through the aid of balanced suspension to relieve strain). 
External fixation of the part as a whole following operation is, I am 
convinced, commonly followed by delay in adequate callus formation 
for the reasons stated. Obviously, also, this has no bearing when oper- 
ative reduction is a matter of necessity (in interposition of tissue, in 
inability to reduce otherwise, etc.), the purpose of the operation then 
being reduction, and it may be impossible to accomplish more than to 
secure a satisfactory position. 
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The influence 


of local collections ot fluid on adequate grotvtU of 

graralation tissue is effective in fractures of the 
wesence of svnovial fluid, and it is not evident how this factor can c 
oJItod. Oi the other hand, when the accumulated and perststem 

collection of fluid is from hematoma, early '°o?hlotd is 

diminishing it and can be greatly helped, when the effusion of blood s 
obviously great, by aspiration. This aspiration should he done carh. 
for when it is delayed the fluid contains a large amount of calcium, 
which is necessarily removed with it. It is also obvious that violent and 
repeated attempts at reduction by increasing the amount oi necrosis 
destroy sources of granulation tissue and that operative technic must 
be of the gentlest and most “tissue economical” type to avoid such a 
result. 

It is also true that, since the interrelationship of necrosis, circulatory 
efficiency and local cell metabolic activity determines the biochemical 
status of the local tissue fluids throughout the healing process, the 
statements made as to the possible bearing of treatment on adequate 
growth of granulation tissue apply equally to the question of the proper 
biochemical status of pa in tissue fluids. The use of diathermy in high 
milliamperage and the practice of frequent or prolonged exposures to 
roentgen rays may interfere seriously with the healing of fractures. 
The use of antiseptic solutions of acid reaction in compound fractures 
interferes with healing. This is often clinically true of the use of 
surgical solution of chlorinated soda which is not carefully titrated 
and freshly made, which is frequently accompanied by actual 
decalcification of bone and slow healing. Lastly, the administration or 
use of agents designed to affect the general body metabolism or to affect 
specifically the calcium and phosphorus metabolism is without apprecia- 
ble value in the treatment of fractures. 

620 West One Hundred and Sixty-Eighth Street. 

ABSTRACT OF DISCUSSION 

Dr. F. J. G.*lEXsi£x, Milwaukee: My experience with the introduction of a 
calcium depot in the form of calcium phosphate and calcium carbonate at the site 

dnlicd holes through the ends of the bone, following Boehler’s technic, and then 
'ho! f carbonate in the form of a paste into these 

Tl* p,cvod„„ ft? » bony union. 

Shearing or wearing away effect on the neck 
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of tile femur and establishes weight bearing on the fractured ends in a line prac- 
tically perpendicular to the line of the fracture. I saw one of these cases in 
Bochlcr’s clinic in 1929 one year after a high Schanz osteotomy and two years 
after the original injury. Bony union had resulted, and the patient walked with 
only a moderate limp and no pain. This was the first case which I had the 
opportunity of observing in which late union occurred. Later, while visiting 
Schanz in Dresden, I described this case to him, and he informed me that in these 
cases late union is not at all unusual. In a series of twelve cases which Camitz 
recently reported late union occurred in five, while in another of recent date the 
results appeared favorable. Thus, in this series of twelve cases, practically half 
went on to late union. Nonunion is generally attributed to insufficient blood 
supply, but in these cases the osteotomy in no way interfered with the actual site 
of the fracture, so that one must find some other explanation for success in this 
group. 

Many years ago Hugh Owen Thomas advised percussion and damming at the 
site of the delayed union. Rubber constriction bands were placed above and below; 
the site of the fracture, protected with a felt pad, was then hit repeatedly with a 
wooden mallet. This was successful in many instances. I should like to hear 
Dr. Murray discuss these clinical observations in the light of his recent work. 

Dr, Clay Ray Murray: The difficulty of clearly presenting so complex a 
subject in a short time is great. One must not consider the local source of calcium 
alone as the essential factor in healing. It is only one in a complicated inter- 
relationship of factors. The four factors involved are: tissue necrosis, growth 
of granulation tissue, the local source of calcium and the biochemical status of 
the local tissue fluids, dependent in part on the interrelationship between tissue 
necrosis and vascular efficiency. 

From the standpoint of these four factors an analogy exists between the inter- 
trochanteric region and the radial site used in my experimental work and the 
neck of the femur and the ulnar site used by Dr. Key. The radius is covered 
by vascular muscular attachments, as in the intertrochanteric region, and the ulna 
is subcutaneous — analogous to the vascularly poor soft parts about the femoral 
neck; this is an important factor. 

Dr. Compere quotes work on the carpal bones. They rate with the tibia and 
ulna. Regardless of the calcium element the vascular factor results in nonunion. 

An analysis of experimental results must include a consideration of all four 
factors and not only of the local source of calcium. 

In the nineteenth edition of Lexer’s “AUgemeine Chirurgie” the vascular situa- 
tion during fracture healing is illustrated fay injection into experimental animals. 
This demonstration definitely shows that the increased vascularity occurring after 
fracture is almost entirely in the periosteum and the surrounding soft parts. 

Stirling in Edinburgh and Rollo in Italy have both secured healing in bone 
gaps (radius) employing solutions of calcium instead of the powder as I did. 

As to the influence of the periosteum on osteogenesis except as a transmitter 
of circulation from the soft parts, Bancroft in 1912 removed all of the periosteum 
and endosteum possible and obtained a solid union with chip grafts. 

There is a difference between the results obtained with a bone that has been 
boiled for one minute and those obtained with one that has been boiled for ten 
minutes. The latter results in less satisfactory, often defective, union. 

We have secured solid union with boiled bone after a 4 inch (10.16 cm.) fibu ar 
resection and with the powdered calcium in other bones after preliminary at "a mi 
zation with hundredth-normal solution of sodium carbonate. 
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‘■'Tall these stations the drculator>^ factor is the difficult one to analyze. For 
example, ^slorton has published two analyses of the effect of venous intcrlcrcucc 
on the healing of fractures with diametrically different solutions. 

1 believe that the effect of diathermy is purely theoretical and lachs adctpiatc 


clinical or experimental support. 

Dr. Edw-ird L. Compere, Chicago; Dr. Murrays interesting explanation of 
the biochemical factors in the healing of fraclures can be accepted if one al-so 
recognizes the influence of the osteoblasts themselves acting in the medium which 
he has described. 

Dr. William Stewart, working as a Fellow in orthopedic surgery at the Uni- 
versity of Chicago, carried out a series of experiments similar to those made 
by Dr. J. Albert Key of St. Louis, with the exception that he not only removed 
a segment of bone from the ulna and the tibia but removed the periosteum as 
well. The experiments were well controlled. On the one side he placed the calcium 
salts which had been recommended by Dr. Murray, and on the other side he 
replaced the fragments of bone or an entire section of bone as in the cases 
described by Dr. Key. In one series of experiments the calcium salts were put 
into bags made from fascia lata before being placed in the bone defect. In each 
instance all the calcium salts were absorbed, and union did not occur in a single 
instance. When bone that had been boiled long enough (from fifteen to twenty 
minutes) to destroy the bone cells was used instead of the calcium salts, it also 
failed to bring about union. It is known that if the periosteum is stripped and a 
section of bone excised, as shown by Dr. Key in his controls, the defect may be 
repaired, but in the experiments under consideration the periosteum as well as the 
bone was removed. All the chemical factors enumerated by Dr. Murray should 
have been present and the calcium salts were available, but no bone was formed 
and the calcium was absorbed. 

The belief held in the clinics of the University of Chicago is that one important 
factor in the healing of fractures in nonunion, and particularly in such cases as 
congenital nonunion, is the presence of living bone cells. The use of the massive 
bone graft is preferred in such cases, partly because of the splinting effect of the 
graft. 


I agree with Dr. Key that in cases in which the serum calcium and inorganic 
P losphates and the pa of the blood are normal living bone cells acting in the ideal 
medmm described by Dr. Murray should be capable of taking the calcium calts 
irom the blood stream and bringing about union, without the addition of any 
morgamc salts. ^ 

I beheve that there is an important element to be found in living bone which 
not present either m boded bone or in the inorganic calcium salts. 
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MINNEAPOLIS 


It is essential that the normal rate of healing be definitely established 
before any attempt is made to determine the eft'ect of varous conditions 
and substances on the rate of healing. Once this normal rate is estab- 
lished it should be comparatively easy to estimate the amount of variation 
produced by such factors as diet, incomplete mobilization of frac- 
tured bones, the injection or deposit of substances at the site of fracture 
and all the other procedures which have been advocated to increase 
the rate of healing in bone and prevent nonunion. 

Although the results reported in this article appear to establish the 
nonnal time required for healing, it is proposed to recheck them with 
the results obtained in experiments on another series of animals, in 
which more factors are held constant, before this rate of healing is 
accepted as a standard with which to compare variations from the 
nonnal. 

The method used in this study has been described in a previous 
publication.’- Three factors of strength were measured in each bone, 
i. e., tensile strength, resistance to torsion and resistance to bending. 
The data for each of these measures, as well as the data for weight of 
the bone, were analyzed. This analysis of data was made under the 
direction of Dr. Edith Boyd of the Institute of Child Welfare and the 
department of anatomy. 


TENSILE STRENGTH 


The data were separated into two categories: (1) those concern- 
ing nonfractured ulnas and (2) those concerning fractured ulnas. The 
laucr group of bones was subdivided into; (a) those which healed 
within from nine to twenty days. (6) those which healed within from 
twenty to f orty days and (c) those which healed within from fortr^ to 
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Table 1. Tensile Strength and Weight of Bone in Nonfractnred and Fractured 

Ulna 


Right Nonfrnctured Ulna 


Rabbit 


Weight of 
Bone, 
Gm. 


Tensile 

Strength, 

Kg. 


Days 

Required 

for 

Healing 


Left Fractured Ulna 


Weight of 
Bone, 
Gm. 


Tensile 

Strength, 

Kg. 


1.600 

44.9 

17 

1.900 

5.4* 


47.2 

17 


7.3* 

2.500 

51.3 

17 

2.280 

3.2‘' 

2.300 

25.4 

17 

2.900 

15.4 

2.100 

2G.S 

17 

1.910 

4.5 

2.150 

41.3 

IS 

2.550 

13.6 

1.550 

29.5 

IS 

1.450 

11.3 

1.210 

21.9 

IS 

1.360 


1.150 

. ... 

19 

1.600 

6.8 

1.500 

22.7 

20 

2.000 

22.7 

1.100 

28.1 

20 

1.600 

10,9* 

1.C70 

2.3.1 

20 

1.960 

9.9* 

l.SOO 

25.4 

21 

2.350 

8.2 


45.4 

21 



1.570 

16.9 

22 

1.750 

0.0 

l.SOO 

40.8 

23 




1.540 

44.7 

23 

1.780 

17.9* 

1.630 

44.2 

23 

1.800 

26.3* 


42.2 

24 


I1.S* 


46.5 

25 


13.6* 


23.8 

26 


13.6* 


3S.1 

27 


32.7* 

1.675 

29.3 

28 

1.960 

14.3 

1.050 

53.3 

29 

2.060 

9.1* 


29.5 

29 


15.4* 

1.600 

39.9 

29 


. 


29.5 

SO 


11.8 


20.9 

31 


16.3* 

1.350 

14.9 

S3 

1.440 


1.550 

51.5 

34 

1.950 


1.600 

33.6 

34 

1.850 

26.3* 


36.3 

30 


2S.6* 


32.5 

37 


29.9 


31.3 

38 


30.8* 

1.500 


39 

1.425 

26.8* 

1.050 

24.0 

40 

1.300 

7.3 


25.6 

42 


27.9* 


47.2 

43 


19.5 


31.8 

45 


28.4* 


36.3 

46 


13.4* 


20.0 

47 




20.9 

49 


20.0* 


47.2 

.50 


20 0* 


42.6 

52 


30.2* 


46.4 

56 


24.9 


20.9 

oS 


24.9* 


38.8 

61 


20.9 


32.0 

63 


25.6 


40.4 

66 


26.3 


34.2 

66 


19.5* 

1.5S8 

27.7 

77 

1.760 

5 . 7 * 

1.791 

45.4 

93 

2.085 

40.8* 
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Table 1 — TnwiVc Strength and Weight of Bone tn 


Nonfractured and Fractured 


Bight Bonttnetured Ulna 



Babbit 

Weight o£ 
Bone, 

Gm. 

l.oP0 

Tensile 

Strength, 

Kg. 

45.9 



1.524 

39.G 




2S.4 



2.145 

21).7 



1.795 

Ui>.l 



1.401 

52,7 



2.105 

oti.6 



1.900 




1.C25 

55.0 



1.ES5 

70.2 



1.971 

E4.C 




C2.9 



2.117 

C2.0 



l.'GS 

3S.0 



1.612 

G4.4 

nof, 



56.6 



1.900 

CO.O 

1SB. 


1.53S 

eo.c 

i‘>o 


1.500 

43.0 

IK.... 


1.957 

CSS 

127.... 


o orp 

73.V 


I,cll Frnctvin:il Ulna 


Days 

Kcquircil 

lor 

Welglit ol 
Bone, 

Tensile 

.Slrcngtli 

Mealing 

Gin. 

Kg. 

114 

114 

ns 

125 

125 

1.720 

1.5S0 

2.300 

2.115 

o J.2* 

h'.y 

24,5 

23.1* 

r/,.1 

131 

1.5G5 

41.1 

135 

2.334 

29.4 

135 

1.927 

2o.y* 

ISS 

1.S00 

20.0* 

139 

2 .ssr> 

30.3‘ 

140 

2.141 

44.S 

140 

1.S57 

40.3 

145 

2.195 

ASS' 

145 

2.03S 

27.9* 

152 

1.72! 

.50.0* 

ISS 

.3.749 

3.7.2 


2.230 

47.5 

1S9 

1.005 

41.7 


l.SCl 

24. *» 

m 

2.300 

50.C‘ 

191 

2.5.30 

i7.C* 


* Separated at line ol the Iracture. 

two hundred days. The last two groups were combined into those 
u’hich healed within from twenty to two hundred days. 

Measurements of tensile strength tvere made on the nonfractured 
right ulnas of ninety-two animals and on the fractured left ulnas of 
eighty-five animals. The subdivisions of the group of fractured ulnas 
were made according to the number of days inters’ening between the 
time of the fracture and the killing of the animal, when the measure- 
ments were made. 

The data are listed in table 1 ; they are arranged according to the 
number of days the animal lived after the fracture was produced. 

A regression line formula rvas computed for the group of non- 
fractured ulnas and for each of the subdivisions of the group of frac- 
tured ulnas. The regression line and the individual observations for 
the group of nonfractured ulnas are shown in figure 1 A. The regres- 
sion line indicates an increase in the tensile strength of the nonfractured 
ulna during the period of study. Since the average span of life in the 
rabbit is from five to six years, two hundred davs represent® a con- 
siderable part of the life of this animal. Therefore, the increase noted 
in tensile strength is probably due to changes caused by age. These 
changes may have been due to increased weight or to physical or chem- 
ical changes m the bone. That they were not due to increase in weio-ht 
nit rather to physical or chemical changes w^as indicated by a partial 
orrelation of the data for the nonfractured ulna. This partial cor e 
at.on was deternuned for tensile strength, weight and time the anl 
a nc after the operation. It is especially indicated by the standard 
error of tensile strength when this is computed ndth varialle 
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time, with the constant weight and variable time, with the constant time 
and the variable weight and with constant weight and time. The results 
are given in the section “Comment.” 

The regression line for the non fractured group is compared with the 
data for the fractured group in figure 1 B, which includes a field graph 
of the data for the nonfractured ulnas and a point-to-point curve 
through the mean values for the tensile strength of the fractured ulnas, 
computed for ten and twenty day intervals. These groups of data for 
the fractured ulnas, the number of observations made and the means 
are as follows ; 

Days required 

for healing 10-20 20-30 30-40 40-00 60-S0 80-100 100-120 120-140 140-100 160-1S0 lSO-200 

Number of ob- 
servations 18 13 7 10 5 5 10 9 5 0 6 

Mean 6.0 15.9 24.7 21.7 19.6 2C.5 27.1 29.7 41.4 0 37.0 

The point-to-point curve shows a rapid increase in the tensile 
strength of the healing bone until after the thirtieth dav of healing; 



Fig. 1. — A, graph for the tensile strength of the nonfractured ulna, with regres- 
sion line (formula: TS [tensile strength] = 30.2736 + 0.137 D [days]), ff, graph 
for tensile strength of the fractured ulna. The broken line is a point-to-point curve 
through mean values computed for ten and twenty day intervals ; the unbroken line 
is the regression line of the nonfractured ulna. 

thereafter the increase in tensile strength is approximately that found 
in the nonfractured ulna and is therefore probably due to the same 
changes in the bone. 

In order to check this observation, regression line formulas were 
computed for certain subdiiusions of the fractured group, i- e.. bones 
which required from nine to twenty days for healing (eighteen cases), 
those which required from twenty to forty days (twenty cases), those 
requiring from fort}’’ to two hundred days (forty-seven cases) and those 
requiring from twenty to two hundred days (sixty-seven cases). These 
regression lines are shown in figure 2. The regression line of the control 
group is included for comparison. This demonstrates a rapid increase m 
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tensile strength between the ninth and twentieth day atter fracture aw . 
similar increase between the twentieth and fortieth day ol heahiig. Imt 
after the fortieth day of healing there appeared to he no tendency lor Uie 
bone to regain its original strength. It remained dchnitely weaker, gaming 
strength at approximately the same rate shown hy tlie non fractured hone 
in which there were changes due to age. Therefore, it may he stated 
that, so far as tensile strength is concerned, healing m the ulna of the 
rabbit does not reproduce the original strength of the bone, but it is 
terminated within less than forty days. 

In taking these measurements on eighty-five previously fractured 
ulnas, not all were found to be separated through the healing fracture , 
instead, the bone in part of them was separated or pulled apart at some 
other point. In the earlier experiments, no record was kept of the 
point of separation. Later, however, a record was kept. Forty-nine 


TtQcturcd Ulna 



Fig. 2.— Regression lines for tensile strength of the fractured ulna. The line 
with short dashes indicates the period of from nine to twenty days (formula; 
■15 = 5.26-1-0.7573 D) ; the line with the long and short dashes, the period of 
from twenty to forty days (formula ; TS = — 3.13 -}- 0.7849 D) ; the lower unbroken 
line, the period of from forty to two hundred days (formula: TS = 14.06 -f 0.1335 
D), and the line with long dashes, the period of from twenty to two hundred days 
(formula; TS = 14.68 -h 0.1299 D) ; the upper unbroken line is the regression line 
01 the lionfractured ulna. 


bones were recorded as having separated at the line of fracture (indi- 
cated by the asterisk in table 1), and in thirty-six cases either no 
notation concerning the point of separation was made or the bones were 
recorded as having separated outside the line of fracture These 

anrty-six cases make up the group called fractured ulnas not separated 
at the line ot fracture 

-it, z-z :! siz ;z azz-zzz-z 


for Iwalmp.. 


Xot Separated at Line 
of Fracture 


5-20 

n 


20-40 


40-200 

20 


Separated at Line 
Of Fracture 


20-200 
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Table 2.— Means of Tensile Strength for Nonfractured and Fractured Ulnas 


Nonfrnctured UInn Fractured Ulna 


Number 

of 

Cases 

Mean ^ 
Standard 
Error, 
Decrees 

! 

Number 

of 

Cases 

Duration 

of 

Healing, 

Days 

92 

39.32 ± l.f323 

18 

9-20 



20 

20-40 



47 

40-200 



07 

20-200 


Slcan ± 
Standard 

Difference :t 



Error, 

Standard 



Degrees 

Error 

E 

P 

0.02 ± 0.SC27 

3.3.30 tfc 1.6892 

19.71 

>0.00 

18.83 ± 1.7911 

20,47 ± 2.3059 

S.8S 

>0.00 

28.40 ± 1.5393 

10, S6 ±2.1309 

5.10 

>0.00 

25.09 ± 1.3316 

13.73 ± 1.9704 

0.97 

>0.00 


Table 3. — Regression Coefficients of Tensile Strength and Time for Nonfractured 

mid Fractured Ulnas 


Nonfractured Ulna Fractured Ulna 


/ 

Number 

of 

Cases 

\ 

b -f- 

Standard 

Error 

! 

Duration 
Number of 
of Healing, 
Cases Days 

b ± 

Standard 

Error 

Difference ± 
Standard 
Error 

E 



P 

92 

0.1370 ± 0.0230 

18 

9-20 

0.7573 ± 0.2692 

—0.6203 ± 0.2702 

2.30 

0.02 



20 

20-40 

0.7849 ± 0.2500 

—0.6479 i: 0.2511 

2.5S 

0.01 



47 

40-200 

0.1335^:0.0288 

0.0035 ± 0.0369 

0.09 

0.93 



67 

20*200 

0.1299 ± 0.0199 

0.0071 ± 0.0504 

0.23 

0.82 


Table 4. — Means of Tensile Strength for Fractured Ulnas Separated Outside Line 
of Fracture and Those Separated at Line of Fracture 


Fractured Ulna Not Separated Fractured Ulna Separated 

at I/fne of Fracture at Line of Fracture 




Number 

of 

Cases 

Duration 

of 

Healing, 

Days 

Mean ± 
Standard 
Error, 
Degrees 

\ 

Number 

of 

Cases 

Duration 

of 

Healing, 

Days 

Mean ± 
Standard 
Error, 
Degrees 

Difference ± 
Standard 
Error 

E 

P 

11 

9-20 

6.63 ± 1,3236 

7 

9-20 

5.07 ^ 0.60S5 

1.56 ± 1.456S 

1.07 

0.28 

5 

20-40 

17.38 ± 3.5195 

15 

20-40 

19.33 ± 2.0707 

—1.95 ± 4.0S35 

0.4S 

0.63 

20 

40-200 

29.24 -1- 2,3099 

27 

40-200 

27.89^2.0958 

1.35 ± 3.1190 

0.43 

0.67 

25 

20-200 

26.87 ± 2.1920 

42 

20-200 

24.83 ± 1.6634 

2.04 ± 2.7517 

0.74 

0.46 


Table 5. — Regression Coefficients of Tensile Strength and Time of Healing foi 
Fractured Ulnas Separated Outside Line of Fracture and Those Separated 

at Line of Fracture 


Fractured Ulna Not Separated Fractured Ulna Separated 

at Line of lYacture at Line of Fracture 



Duration 


^ f 

Duration 





Number 

of 

b ± 

Number 

of 

b ± 

Difference ± 



of 

Healing, 

Standard 

of 

Healing, 

Standard 

Standard 

n 

P 

Coses 

Days 

Error 

Cases 

Days 

Error 

Error 


11 

9-20 

1.1077 ± 0.3073 

7 

9-20 

0.1503 ± 0.2550 

0.9574 ± 0,4471 


0.03 

rt 'Tf' 

5 

20-40 

0,6329 ± 0.6298 

15 

20-40 

0.8401 ± 0.2899 

—0.2072 ± 0.0933 

0.30 

rt TO 

20 

40-200 

0.1494 ± 0.0357 

27 

40-200 

0.1176 ± 0.0454 

0.031S ± 0.0574 

0.55 

n Tl 

25 

20-200 

0.1461 ± 0.0277 

42 

20-200 

0.1191 ± 0.0235 

0,0270 ± 0.0 i 00 

0.55 

U.tU 
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Regression line fonnnlns svere computed for eoch ot 
-the regression lines rvhich they represent and n Md gra|.l ol c 
listribution of the cases for both the ulnas -WcU sepmmcd outs|^^c 
line of fracture and those rvhich separated through the she of 

"‘"SraparSon^l the means and regression coefScients for all the 
regressiL lines computed for the data on tensile strength .5 made 
tables 2, 3, 4 and 5. 


TORSIOK 

The data obtaiiaed in measuring resistance to torsion arc given in 
table 6. The analysis ot these data was more difficult than the analysis 
of the data for tensile strength, because the weight added was not the 
same in each experiment. This difficulty was surmounted in the follow - 
ing way; It was obvious that a straight line could be fitted to the 


Fractured Ulna 


Fracturti Ulna- 


feO 


1' 

X 

c 
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I 
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1 
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r i •; 'i i ! 5 

i { 1 1 ! 1 ! ! 
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Fig. 3. — A, graph tor tensile strength of the fractured ulna not separated at 
the line of fracture. The line with short dashes indicates the period of from nine 
to twenty days (formula; TS = 9,89 -p 1.1077 D) ; the line with long and short 
dashes, the period of from twenty to forty days (formula : TS = 0.17 + 0.6329 D) ; 
the unbroken line, the period ot from forty to two hundred days (formula: TS=: 
12.34 4- 0.1494 D), and the line with long dashes, the period of from twenty to two 
hundred days (formula : TS = 12.85 4- 0.1461 D). B, graph for tensile strength of 
the fractured ulna separated at the line of fracture. The line with short dashes 
indicates the period of from nine to twenty days (formula: TS = 2.84 4- 0.1503 D) ; 
the line with long and short dashes, the period of from twenty to fortr- davs 
(formula; TS = 4.42 4- 0.8401 D) ; the unbroken line, the period of from forty to 
two hundred days (formula; TS = 15.67 4- 0.1176 D), and the line with long 
dashes, the penod of from twenty to two hundred davs (formula- TS=15 67 


data if the measurements taken after addition of the first 10 Gm of 

weight were not included. It seemed justifiable to assume that 'the 

readings taken atter the addition of 10 Gm. of weight were too low 

because of resistance other than elasticity of the bone in the exneri 

mental set-up. They were therefore disregarded in calc^atni tbo 

regression line for these data. A scatter diagram of ^ 

..eatter aiagram ot the measurements 
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Table 6.— Resistance to Torsion of N onjractnred and Fractured Ulnas 


Konfrnctured Ulna 

- 


\Veieht Added, Gm. 



0 

0 

20 

40 

60 

SO 40 


to 

to 

to 

to 

to 

to to 

10 

Rnl)bl6 

20 

40 60 SO 100 90 

Torsion, Degrees 

101 

— 

0.4 

0.3 

0.5 





9S 

— 

0.4 

0.5 

0.5 

0.5 

0.6 — 

DO 

— 

0.3 

0.4 

0.4 

0.5 

0.5 — 

8 

— 

— 

0.9 

1.0 

0.8 

0.7 — 

IS 


— 

0.9 

1.0 

1.0 

1.1 — 

100 

— 

0.2 

0.3 

0.4 

0.3 

0,4 — 

83 

— 

0.3 

0.3 

0.3 

0.4 

0.4 — 

11 

— 

— 

0.5 

0.9 

1.0 

0.8 — 

17 

— 


1.5 

2.5 

1.0 

2.0 — 

65 

— 

o.c 

0.8 

0.9 

0.8 

1.1 — 

84 

— 

0.5 

0.7 

0.8 

0.7 

0.7 — 

28 

— 

0.5 

0.5 

0.4 

0.4 

0.5 — 

74 

— 

0.0 

O.G 

O.C 

O.G 

0.7 — 

SS 

— 

0.3 

0.4 

0.5 

— 



5 

— 

— 

0.5 

0.4 

0.4 

0.7 — 

78 

— 

0.3 

0.5 

0.4 

0.5 

0.5 — 

22 


0.8 

1.4 

2.2 

2.7 

2.0 — 

21 



0.5 

0.5 

0.6 

0.5 

0.7 — 

0 

— 

— 

0.7 

0.6 

0.9 

0.9 — 

18 

— 

— 

— 

— 

— 



7 

— 

— 

0.9 

1.0 

0.9 

1.0 — 

19 

— 

0.9 

1.0 

1.2 

1.0 

1.9 — 

60 

— 

0.8 

0.9 

0.8 

1.2 

1.3 — 

15 

. — 

0.3 

0.4 

0.5 

0.5 

0.4 — 

55 

— 

0.4 

0.5 

0.6 

0.5 

0.6 ~ 

10 

— 

— 

0.5 

0,7 

0.6 

0.9 — 

48 


0.4 

0.4 

0.4 

0.5 

0.5 — 

93 


0.4 

0.3 

0.6 

— 

— . 

91 


0.3 

0.4 

0.4 




92 


0.4 

0.3 

0.4 

— 

— . 

94 


0.3 

0.5 

0.5 

— 

— 

95 

0.2 

0.6 

— 


— 



96 

0.3 

0.5 

- — 



— — . 

2 


1.1 

1.3 

1.2 

1.3 

1.4 — 

82 

0.2 

0.4 

— 

— 




31 

— 

0.4 

0.3 

0.5 

0.6 

0.5 — 

SO 

— 

0.3 

0.5 

0.4 

0.5 

0.5 — 

81 

0.3 

0.7 



— 

— 



87 

0.3 

0.5 

— 

— 

— 



1 

— 

— 

0.9 

1.0 

1.1 

1.0 — 

77 

— 

0.4 

0.3 

0.5 

— 

^ 

76 

— 

0.3 

0.4 

0.5 

— 

— 

73 

— 

0.5 

0.5 

0.5 

— 



72 

0.2 

0.4 



— 

— 

— 

71 

0.2 

0.4 

— 

— 

— 



23 



1.0 

1.1 

1.1 

1.5 

1.4 — 

20 

— 

2.0 

1.0 

2.6 

1.9 



90 

0.2 

0.4 



— 

— 



102 

0.2 

0.4 

— 

— 

— 



89 

0.2 

0.0 

— 

— 

— 

— 

24 

0.2 

0.4 

— 

— 

— 

— 

SO 

0.4 

0.8 

— 

— 

— 



79 

0.3 

0.6 

— 

— 

— 



70 

0.1 

0.3 

— 

— 

— 

. 

69 

0.2 

0.4 

— 

— 

— 



68 

0.4 

0.7 

— 

— 

— 



65 

0.2 

0.4 

— 

— 





63 

0.3 

0.7 

— 

— 

— 

— 

62 

0.3 

0.6 

— 

— 

— 

^ 

53 

0.2 

0.4 

— 

— 

— 

— 

67 

0.3 

0.7 

— 

— 

— 

— 

106 

— 

— 

— 

0.2 

— 

— - 

105 

— 



— 

0.6 

— 



107 

— 

— 

— 

0.8 

— 



111 

— 

— 

— 

0.7 

— 



113 

— 

— 

— 

0.S 

— 



112 

— 

— 

— 

0.4 

• 



120 



— 

— 

— 

— 

— 1.3 

lOS 



— 

— 

o.s 

— 



123 


— 

— 

— 

— 

— 0.7 

125 

— 

— 


— 

— 

— 0.9 


I'rnctured Ulna 


Days 

0 

0 

Weight Added, Gm. 
20 SO 40 60 

SO 

40 

Required 

to 

to 

to 

to to to 

to 

to 

for 

10 

20 

30 

40 60 80 

100 

90 

Heaiing 

8 



Torsion, Degrees 
— Too weak — 



9 

0.2 

7.0 

6.0 







11 

39,2 

— 

— 

Too weak — 





12 

— 

— 

— 

Too weak — 




12 

— 



— 

Too weak — 




12 

3,1 

6.1 

— 




_ 

13 

10.5 

12.0 

4.0 







14 

— 

— 

— 

1.3 1.7 2.0 





14 

2.9 

5.5 

— 

Too weak — 



— 

15 

2.2 

5.7 

— 







16 

1.5 

3.2 

2.0 



— 

— 

17 

— 

0.4 

— 

0.7 0.6 0.7 

0.9 

— 

17 

2.5 

6.5 

3.0 

— — 


— 

17 

0.9 

2.2 

— 





— 

17 

— 

0.8 

— 

0.4 0.6 0.9 

— 

— 

Yl 

3.0 

6.0 

5.0 



— 

— 

IS 

— 

0.5 

— 

0.9 1,1 1,1 

— 

— 

IS 

— 

0.7 

— 

0.8 0.8 1.0 


— 

18 


— 





19 

3.4 

0.0 

2.4 



— 

— 

20 

— 

— 

— 

1.6 1.9 1.6 

— 

— 

20 

— 

0.6 

— 

1.0 1.0 0.7 

0.9 

— 

20 

— 

1.2 

— 

2.1 1,9 2.3 

— 

— 
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for the group of iionfractured ulnas and the regression line are included 
in figure 4. 

This regression line was then considered as the base line, and the 
degrees of torsion of the nonfractured ulna were plotted agjiinst the 
days the rabbit lived after the operation (fig. 5.r4). It was again 
considered as the base line in figure 5 B, in which the degrees of torsion 
of the fractured ulna were plotted against the days the rabbit lived 
after the operation. A cun^e was drawn and smoothed through the 
means as computed for ten day intervals. This would indicate that 
the fractured bone regained normal resistance to torsion approximately 
sixty days after fracture. 


BEXMXG 


The data obtained in measuring resistance to bending are given in 
table 7. The analysis of these data was made in a manner similar to 
that of the analysis of the data for torsion. Here also the weights 
added were not the same in each experiment. It was obvious that a 
straight Ime could be fitted well to the data for the nonfractured ulna. 
This was done by calculating the regression line for these data. The 
regression line and a scattered diagram of the data are shown in 


As m the analysis of the data for torsion, this regression line was 
onsidcrcd as the base line, and the degrees of bending of the nonfrac 
nred ulna were plotted around it against the days the rabbit lived 




Fig- 4. — Graph for resistance to torsion in the nonfractured ulna. The regres- 
sion line was computed after excluding the data obtained on addition of the first 
10 Gm. of weight (formula; DT [degrees of torsion] = 0.4316 + 0.0053 W 
[weight]). 



Fig. 5. — yl, graph for resistance to torsion in the nonfractured ulna, plotted 
around the regression line of figure 4 as the base line (formula: DT = 0.4136 -f- 
0.0053 W) . B, graph for resistance to torsion in the fractured ulna, plotted around 
the regression line of figure 4 as the base line. The smoother point-to-point cur\e 
is through the means computed for ten day intervals. 
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Table 7. — Resistance to Bending of Nonfractured and Fractured Ulnas 
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Table 7 Resistance to Bending of Nonfractured and Fractured Vhws—Continued 
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Table 8. — Means of Weight of Bone for Nonfraetnred and Fractured Uhtas 


Konfractured tTIna Fractured Ulna 
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Table 9. — Regression Coefficients of Weight of Bone and Time of Heahng for 
Nonfractured and Fractured Ulnas 
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after the operation (fig. 7 A). It was again considered as the base line 
in figure 7 B, in which the degrees of bending of the fractured ulna 
were plotted against the days the rabbit lived after the operation. A 
curve was drawn and smoothed through the means as computed for 
twenty day intervals of healing. This would indicate that the fractured 
bone had regained normal resistance to bending approximately sixty 
days after fracture. 
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WEIGHT OF THE BONE 

The data for the weight of the bones are included in table 1 with 
the data for tensile strength. Figure 8 5 is a scatter diagram of the 
data for the weight of the nonfractured ulna plotted against time : the 
regression line is also shown. It is to be noted that, although there was 
a great variation in the weight of the bone, there was a [irogre.^^sive 
increase in weight as the inten-al between the operation and the killing 
of the animal was increased. This was probably due to normal growth 
of the ulna. 

Figure 8 F is a similar diagram of the data for the fractured ulna 
and the regression line. It is evident that the fractured ulna was 



increased in weight ftable mu 

involved in this increase in weight t'vo facto: 

first two or three weeks after the^n ' ^^"™als killed within tl 

part or entirely, to callus at t^Srof tVe^fT 
callus was, at least in part absorbed ! ^1 

in „,os, „! fcse healed fract„ “ "'T ' 

S'liostosis TO cm dose to the radius 1 ’ ■ *•": IxJne th 

> K ulna; perhaps at times even a chin **'' wil 

1 '" -’'""W to the nina. I„ “ 'J''’ “j. of the radius wt 

■“ "■‘■isht with time was so similar o^h 

“ ""it constants ate compLir“''- “ ““ ™I«cture 

’ *n>tmslratc<I (table 9 ). compared no significant different 
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Fig. 7. — A, graph for resistance to bending in the nonfractured ulna, plotted 
around the regression line of figure 6 as the base line (formula: DB = 1.72S4 4- 
0.00016 W). B, graph for resistance to bending in the fractured ulna, plotted 
around the regression line of figure 6 as the base line. The smoothed point-to- 
point curve is through the means computed for twenty day intervals. 


Wonfixicturcxi Uliui Bractured Ulna 



Fig. 8. — A, graph for weight of the nonfractured ulna, with the regression line 
(formula: BW [weight of the bone] = 1.5852 + 0.0015 D). B, graph for weight 
of the fractured ulna, with regression line (broken line) for these data (formula. 
BW= 1.8616 -[-0.0013 D) and the regression line for the nonfractured ulna 
(unbroken line). 
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COMMENT 

The data analyzed as measures of torsion and bending y ere obtained 
by adding n^eights and taking a reading after the addition ^ 

Reading? were also taken as these weights were removed The data 
for torsion were analyzed and found to fit well to a straight ^ ^ 
not as well as the data obtained on the addition of weight. This 
difference may be due to a third factor, time, which was disregarded 
in the experiment. Bone obviously has imperfect elasticity and would 
therefore show a lag in torsion or bending on the addition of wci^it 
and perhaps return more slowly after the removal of weight. To 
correct for this, it would be advisable, in collecting additional data, 
to take the reading at a constant interval after the addition or removal 
of weight. 

As has been stated, partial correlation between the tensile strengtli 
of the nonfractured ulna, weight and time was made to determine what 
part increase of weight played in the observed increase in tensile 
strength. The coefficient of correlation was 0.0542, which is not signifi- 
cant; moreover, the standard errors of the array for tensile strength 
alone and with weight, time and both time and weight held constant 
were determined. With a denoting the standard deviation, they are 
as follows; 

Tensile Strength Standard Error 

<r Tensile strength 10.90 ± 0.95 

Tensile strength 10.90 ±0.95 

O’ Tensile strength — ^time 8.46 ± 0.74 

a Tensile strength— time — ^\veight 8.44 ± 0.96 

From these figures it is e^•ident that the standard error of tensile 
strength is approximately the same, whether weight is held constant 
or not, but if time is held constant it is changed by approximately' 
22 per cent. This indicates that the increased tensile strength in the 
nonfractured ulna (fig. 1 is due to physical or chemical changes in 

ffie bone that occur with age rather than to increased weight of the 
bone. 

In rechecking these experiments it is proposed to select animals 

uhuffi wdl have reached approximately the same age at the time they 
are Killeu. ■' 

SUMMARY AND CONCLUSION 

1. It is important to determine the normal rate of healing in bone 

and resistance to bending. ’ ^ ^ 'es’stance to torsion 

•r. Tlte ulna of ,l,e nonfraetnred leg teas used as a control. 
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4. So far as tensile strength is concerned, healing was complete 
approximately thirty days after fracture in the ulna of the rabbit, but 
within the limits of this experiment the fractured bone never com- 
pletely regained the tensile strength present in normal bone of the 
opposite leg. 

5. The fractured ulna of the rabbit was found to have completely 
regained its resistance to torsion and bending approximately sixty days 
after fracture. 



ambulatory treatment of vawcose state by 

COMBINED LIGATION AND THROMBOSIS 

by injection 

A STUDY IN EKD-RESULTS 


l^ELSON J. HOWARD, 3>t.D. 

SAN FRAXCISCO 


The results obtained at the Stanford University Oinics following 
therapeutic thrombosis of varicose veins by the injection of sclerosnrg 
solutions were reported in 1931 d Careful examination a year or more 
following thrombosis disclosed recanalization or recurrence in the throm- 
bosed veins in 98 per cent of all patients examined. In spite of the 
recurrence of varicosities and recanalization of veins, 54 per cent of 
the patients had complete relief of all symptoms attributed to the pres- 
ence of the varicosities and 94 per cent obtained partial or complete 
relief of sj'mptoms during the period of observation. That the recur- 
rence was due to recanalization of the thrombus, and not to the formation 
of new veins or enlargement of collateral venous channels, was shown 
by a microscopic study of veins excised at intervals follorving thrombosis 
by injection, and by personal observation and comparison of the recur- 
rent varicose veins rvith the charted positions of the original varicosities. 
At that time it was suggested that the venous back pressure in the 
unthrombosed upper saphenous segment might be the chief contributing 
factor in the rapid recanalization and recurrence of the thrombosed 
veins, and that the thrombosis caused by the injection of sclerosing 
agents might well be supplemented by the proximal ligation of the 
saphenous vein at the fossa ovalis, a procedure first suggested as a 
means of preventing recurrence by de Takats.' 

Since 1930 my associates and I have endeavored to persuade patients 
who seek relief from varicosities for other than cosmetic reasons (a 
number of women with small single dilated veins apparent through 
sheer hosiery’ seek cosmetic relief only) to have high ligation of the 
saphenous vein with injection and thrombosis of the veins distal to the 
point of ligation. 

The patients chosen for the combined ligation and injection had 
tortuous, m oderate to large varicosities, and with one exception each 


From ^ Department of Surgerj-, Stanford Umversity Medical School. 

1. HoYxard, Relson J.: Jackson, C. R., and Mahon, E. J.- Recurrence of 
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patient suffered from symptoms directly attributable to the varicose state. 
The exception was a woman of 29 whose varicosities became apparent 
at the age of 14 and grew progressively larger until the distended veins 
became a distressing sight, although they produced no symptoms. Before 
proceeding with the ligation and injection, each patient underwent a 
thorough general physical examination; the blood pressure, urinalysis, 
differential white blood cell count and hemoglobin determination were 
recorded, and blood was taken for a Wassermann test. As in the 
previous stud}’’ of treatment by injection alone, particular information 
with regard to the varicose veins was recorded on a separate chart. 
The position of the varices, their relative size and the competency of 
the valves of the saphenous and perforating veins were determined by 
the Trendelenburg and walking tourniquet tests. In instances in which 
the patency of the deep veins was questionable, tight pressure bandages 
worn for a week with relief afforded adequate evidence of patency 
in the deep veins of the leg. 

METHOD 

Previous to ligation the course of the saphenous vein, if not visible in the upper 
part of the thigh, was traced to the region of the fossa ovalis by palpation of the 
impulse transmitted on percussion. Under local anesthesia and through a trans- 
verse incision at the selected site of operation .the saphenous vein was exposed and 
freed of surrounding areolar tissue. Unnecessary trauma to the vein was avoided. 
The vein was doubly ligated with ligatures of medium black silk, placed about 
1 cm. apart. The ligatures were left long, so that after cutting between them 
they might be used as traction sutures. The proximal stump was transfixed and 
tied distal to the ligature, for it was evident from observations made at operation 
that coughing or increasing intra-abdominal tension markedly ballooned out the 
freed proximal stump. The respiratory venous excursions were readily observed. 
Failure to transfix as well as to ligate the proximal stump almost caused a fatality 
in one case. The ligature blew off under exertion and, following the resultant 
hemorrhage, the patient had a pulmonary embolus. It is important to tie and 
transfix the proximal stump without trauma from clamps or forceps that might 
lead to a propagated thrombus of the proximal stump. With the distal stump of 
the saphenous vein held taut by means of the long ligature, from 10 to 20 cc. of 
20 per cent solution of sodium chloride was injected in a centrifugal direction. The 
vein was again tied to prevent the escape of the hypertonic solution into the tis- 
sues, and the wound was closed with interrupted sutures of fine black silk in the 
subcutaneous tissues and the edges of the skin and covered with sterile dressings. 

I have found it advisable to flush the wound with physiologic solution of sodium 
chloride before closure, immediately after injection of the sclerosing agent. 
quent postoperative inspections of the wound and dressings are necessary, for it is 
difficult to maintain dressings satisfactorily in the region of the groin, especially 
when the patient is ambulant. Sutures of the skin were removed in from five to 
seven days. 

This procedure was carried out in the outpatient clinic by resident members of 
the surgical house staff. The patients were all ambulatory, and returned to their 
work or to their homes the day of the operation. It was usual to wait for t ic 
healing of the wound and removal of the stitches in the skin before proceeding to 
obliterate the remaining patent veins by injection of the thrombosing so ution. 
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were first treated by injection and application of a boot of Unna s pastc until tbu 
small ulcers had healed or the larger ulcers were relatively clean and 
inflammation in the surrounding tissues before the hgation and lurther inject o. 

were attempted. 


From May 1930 to February 1932, ninety-one ligations and injec- 
tions were done on 68 patients in the outpatient dime. Twenty- three 
of the ligations were bilateral. We were able to reexamine and question 
as to symptoms 58 patients, of whom 21 had both saphenous veins 
ligated. Since each set of varicosities is liable to recanalization and 
reproduction of signs or symptoms, it might be well for statistical pur- 
poses to list the observations by ligations rather than by patient. From 
this standpoint 86.8 per cent of the results were reexamined a year or 


T.^BI.E 1 . — Classification of Results of Trcaimeni According to Affcarance ot 

Symptoms and Signs 


ClassiacatiQn 


Keeanalization 


PerMutacc 


— 0 Complete recurrence to original size S 

— 1 Visible as varicosities smaller than original 20 

—2 Visible straight veins or visible isolated segments 37 

— S Xot visible: palpable and percussable as patent; blood easily with- 
drawn trom lumen 50 

— 1 Xot visible: barely palpable as patent; aspiration o£ blood necessary 

to prove recanalization 1 


more after ligation and thrombosis by injection. We were able to dem- 
onstrate recanalization in 100 per cent. The patency of the lumen of 
the vein is easily demonstrated by the transmission of a palpable impulse 
along the vein on percussion with the finger, and a Luer syringe vvith 
an intra^ enous needle serves to withdraw blood easily from the lumen 
of the vein. 

The recanalization of the veins does not mean that the veins have 


recurred as varicosities. From the beginning of the following study the 
results were classified, on reexamination of the patient, in the following 
manner: —0, complete recanalization of the veins and recurrence of the 
varKosities to the original size; —1, the veins completely recanalized and 
visib e as definite varicosities, yet smaller than the original veins - 
visible straight veins, or isolated visible varicose segments and the vari- 

aforementioned 

V ’ ’ ^ f °’'‘S>naI thrombosed varicosities not visible but naloahle 

and percussable as patent, and proved recanalized bv the irithta 

and P^^P^^e 

Wood from the lunL of the vS tf ^vithdrawal of 

the end-results are '^^le 1 

aimmanzed m the foregoing manner. It is apparent 
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that only 23 per cent of the patients (those in classes — 0 and — 1) 
have recanalization to the point of recurrent varicosities, and 77 per 
cent (classes 2, — 3 and — 4) are to be regarded from a cosmetic 
standpoint as cured at the time of reexamination. The patients in 
class — 2 may return for reinjection of the visible vein segment. In 
my experience 3mung women with such a result returned for rethrom- 
bosis of the recanalized visible vein. 

Fourteen patients received quinine and ethyl carbamate (urethane) 
as the sclerosing agent. The results in 12 patients were no more efficient 
and lasting than in patients treated with 20 per cent sodium chloride. 
Three patients received injections of sodium morrhuate in addition to 
the ligation of the vein. If the experience of the clinic were confined 
to these patients alone, we would not be justified in drawing conclusions 
as to the effectiveness of quinine and ethyl carbamate or sodium morrhu- 
ate. These solutions were used at intervals to the exclusion of treatment 


Table 2. — Symptoms and Signs Due to Varicose State After One Year 


Fain 

Fatigue 

Burning sensation.. 

Hemorrhage 

Ulceration 

Swelling and edema 

Eczema 

Cramps 


Before One Tear After 
Treatment Treatment 


C3 3 

65 6 

38 0 

4 0 

25 2 

44 3 

15 1 

4 2 


with sodium chloride in patients who received injections without liga- 
tion. A sufficient number of such patients has been observed to suggest 
that the efficiency of thrombosis and the duration of results are certainly 
not superior to those noted following the injection of hypertonic saline 
solution. However, they have the advantage of not causing cramps 
during injection. 

The symptoms and signs caused by the varicose condition in this 
series of patients before treatment are shown in table 2. Fatigue of 
the lower limbs, especially on long standing, was the most frequent 
complaint. This condition was present in 65 patients. A dull aching 
pain producing discomfort was present in 63. This was distinguished 
from a burning sensation, present in 38 cases. Definite severe cramps 
in the legs, not associated with exercise, came on while at rest or during 
the night in 4 people. Swelling and edema of the leg and ankle were 
noticed in 44 cases. There were twenty-five varicose ulcers, and 
4 patients had spontaneous hemorrhage. Marked pigmentation of the 
lower part of the leg was present in 34 patients, and in 15 an 
eczematous, weeping cutaneous surface was an added complication. 

On follow-up examination only 12 patients complained of symptoms. 
Six were still prone to fatigue of the legs on long standing; 3 com- 
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V aud 3 still had edema of tiie affected leg. Two had 


f in the leo^s In 1 patient the eczematous condi- 

recurrence of cramps in tne iCj,-. e ... , i » 


plained of pain, 

tiou had ^^au-uicer avhich W ten telcd 

recurred AnoUier patient in whom beginning recanalization oi the 
Teins had been noted at ten months had recurrence of an ulcer at 
tnentraine months, although the veins were classed only as -d. On^ 

1 patient with bilateral ulcers in the entire group with ulcer could not 
be reexamined a year following treatment. Thus there are .. known 
recurrences among 25 patients treated for ulcers. 23 of whom were 
followed up for over a year after healing. This is particularly striking, 
for the patients with ulcers were not requested to wear^ pressure 
bandages or elastic stockings after ligation with thrombosis of the 
\-aricosities and healing of the ulcer. 

As the patient is not aware of the reopening of the lumen in the 
veins, one has no means of estimating the time which elapses after 
treatment before recanalization occurs. However, in 4 patients recanal- 
ization was noted as banning in four months, becoming complete at 


seven, eleven, twelve and sixteen months as 


■2. — 3 and — 3 


tipes, respectively, of recanalization. Two patients had a definite — 2 
grade of recanalization at five months. In 5S. or in 65.S per cent, 
recanalization was noted within the first twelve months after thrombosis. 
In the remaining 34.1 per cent recanalization was found in the second 
year after treatment. Xo definite correlation could be found between 
the grade of recanalization and the number of months elapsing from 
the time of thrombosis. One surprising fact noted in 13 patients, 
reexamined after the onset of recanalization at intervals of from four 
to fifteen months, was the failure of the veins to recanalize to such 
an extent as to change tlie classification of their grade of recanalization. 

In the preHous study of the end-results from injection alone the 
suggestion was made tliat “stripping^’ of the saphenous veins from the 
femoral opening to the knee, combined with thrombosing injections into 
the veins of the leg might prove a more permanent means of inter- 
nipting venous back pressure and preventing or retarding the recanal- 
irmg process. ^ Four patients consented to enter the hospital for this 
o^ration. Of the 4, 1 stopped coming to the clinic for injections 
atter discharge from the hospital, and could not be traced for follow-up 
examination. In the 3 remaining patients recanalization occurred to 
—3 and —2 in eight and one-half, eleven and one-half and 
months, respoodvely. The last case, that of a barber, was par- 

Wlo^Thr"- '“>■ “<> ‘tentbosis in 

-laicn l^_b. hib veins had recanahzpH tn tVto o - . - 


„ . ‘■ecansOized to the —2 degree in six and 

nc-Wt months Aptn tile treatment by injection produced excellent 
np.d and complete thrombosis of all superficial veins from the 

^e .he .hrombosin 


acx-vmpanied by fairly extensivi 


■g process was 


e perivenous inflammation, and there 
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can be no question as to the completeness of the thrombosis. In seven- 
teen months the veins had again recanalized and this time they were 
as large as before any treatment, a — 0 result, accompanied by tired- 
ness, aching of the legs and recurrence of an ulcer healed for almost 
two years. A stripping operation was performed in the hospital during 
May 1930, at which time the veins below were completely thrombosed 
by injection. Perivenous inflammation in both calves again was marked, 
accompanied by tenderness and local induration along the channel left 
by the stripped vessels. In eleven months recanalization of the 
thrombosed vessels to the — 2 degree had occurred, and a new vein 
had formed in the thigh from the saphenous opening to the region 
of the popliteal fossa. At operation the saphenous vein and the super- 
ficial circumflex iliac, superficial epigastric and superficial external 
pudendal veins, all tributaries at the saphenous opening, had been 
ligated and cut across. 

The most serious complication that occurred in this operative series 
was a nonfatal pulmonary embolism in the patient referred to in the 
description of the technic of ligation, whose proximal saphenous stump 
was not transfixed as well as tied for additional security. This patient 
climbed four flights of stairs, and, under this exertion, the ligature 
blew off. The patient fainted from loss of blood and was taken to the 
city emergency hospital where a pressure pack bandage was applied. 
Secondary bleeding occurred and the patient later experienced a sudden 
thoracic pain followed by bloody expectoration and pleural pain with a 
friction rub. Rest in bed and careful nursing probably prevented the 
occurrence of a more serious embolic phenomenon. 

CONCLUSIONS AND COMMENT 

This experience is a blow to the hopes that ligation with injection 
might prevent recanalization of the thrombosed veins, or prevent 
recanalization to the extent of recurrence of the varicose veins. While 
recanalization could be demonstrated in 100 per cent of the patients 
reexamined from twelve to twenty-four months after treatment, it is 
particularly encouraging that in only 23 per cent had the condition 
advanced to the point of return of visible dilated veins or varicosities, 
and 77 per cent might still be considered cured from a cosmetic stand- 
point. Symptoms remained or recurred in only 12 patients, or 15 per 
cent of those reexamined. The treatment has been particularly effec- 
tive in persons with ulceration or with the varicose type of eczema. 
Two ulcers recurred, and 1 patient (with an ulcer) failed to be relieved 
of the eczematous condition of the skin. Thirteen patients were 
followed up from four to fifteen months after recanalization had 
occurred. The recanalization did not progress to continued enlarge- 
ment of the lumen of the vein. This is in marked contrast to my 



HOWARD- 


-VARICOSITY AND THROMBOSIS 


487 


experience rvith injection alone, ior when recanaluation was prc en . 
erfon was considered necessar,- within from ttvo to s.x months. 
The 4 patients on whom the stripping operation and injection were 
done did not show better results than those with ligation and injection, 
and since the operative trauma is greater and hospitalization and genera 
anesthesia are necessary, this method cannot be recommended or 
advised unless one completes the radical operation by excision of the 
saphenous system below the lowest stripped segment. ^ 

Wherever systematic follow-up studies have been carried out, based 
on personal reexamination rather than on returns from questionnaires, 
the results are in close agreement as to the return of varicosities follow- 
ing adequate thrombosis by injection, as well as in the observation that 
such return is not necessarily followed immediately by subjective symj)- 
toms. Outstanding among such follow'-up observations are those of 
Svend Hansen, of Karsten Kettel and of Faxon. In 107 patients with 
uncomplicated varicose veins, Svend Hansen * reported good results in 
35 per cent, with recurrence in 49 per cent and no improvement in 
16 per cent from one to three years after treatment. The obsen’ations 
of Kettel ^ were particularly striking since they were carried out on a 
relatively large group of follow-up examinations (225) over a longer 
time (one to five years) than other reported results. He found that 
after one j^ear 91.5 per cent of his patients with uncomplicated varicosi- 
ties were free from symptoms (94.5 per cent free at the completion of 
treatment), and one third of the group reexamined had recurrences of 
varicosities. The percentage of recanalization was not observ'ed. Kettel 
further found that as time elapses the number of patients W’ithout 
sjmptoms decreases. Thus, at the end of five years followdng treatment 
only 13 (28 per cent) of 45 patients examined had remained free of 
symptoms; 15 (33 per cent) ivere still improved and in 17 (38 per 
cent) the results were considered poor. These figures are for sub- 
jective findings. As to the objective return of varicose veins or compli- 
cations Kettel classified the results as good, improved or poor. With 
this classification and considering both the “improved” and the “poor” 
results as showing objective e%ddence of the return of varicosities or 
dilated visible veins the incidence of recurrence for the five years of 
observation of uncomplicated varicose veins thrombosed by injection is as 
follows: first year. 38.5 per cent; second year, 65.6; third year, 64 8 per 
cent; fourth year. 79.5 per cent, and fifth year, 86.6 per cent. The group 
of patients whose varicosities were complicated by ulceration or eczema 

( 31 with u lcers and 8 with eczema) offered the crucial test for the effi- 

-A-CK f 



488 


ARCHIVES OF SURGERY 


ciency and pennanency of the treatment by injection. Of these 139 cases, 
Kettel was able to follow up 102. At the completion of the treatment 72 
of the ulcers were healed, 9 were smaller and 13 uninfluenced by the 
therapy. Of the 72 healed ulcers 52 had remained healed when 
examined from one to five years after treatment, but 9 patients found 
it necessary to wear compression bandages, for otherwise the skin 
tended to break down. Thus, 43 of the 72 patients were able, from 
one to five years after treatment, to continue their usual occupations 
unhampered by compressive bandages or the necessity of continuous 
medical treatment for chronic ulcers of the legs. Of the 8 patients 
with A^aricose eczema only 1 was healed, 1 improved and 6 showed no 
change in their condition over a three year period of observation. 

Ever}'- physician has the memory from student days of patients 
with ulcers of the leg older than the student, the wounds having been 
dressed b}' a continuous succession of interns, house officers and resi- 
dents beyond the memory of the oldest physician of the clinic. With 
such memories the results of Kettel are in overwhelming contrast. 

Faxon,® at the Massachusetts General Hospital, followed approxi- 
mately half of 613 patients treated by injection. In a careful and 
candid survey of the results at an average of one and one-fourth years 
after the completion of treatment, he found that there were recurrences 
of varicose veins in 63 per cent of the 314 patients followed up. New 
varicosities developed in 25 per cent of the cases, which is higher than 
in my own experience and observations. The findings of Faxon also 
show that the patient’s appreciation is often greater than the objective 
evidence warrants, for 59 per cent were enthusiastic, 34 per cent 
moderately pleased and only 7 per cent disappointed in the results. Of 
the patients having symptoms referable to the varicose state, 38 per cent 
were relieved of pain and 19 per cent of edema, and in 61 per cent 
the ulcers remained healed over the period of observation. 

In the treatment by injection alone particular efforts were made 
to obtain permanent obliteration of the lumen of the vein b}' means of 
an efficient thrombosing agent (20 per cent solution of sodium 
chloride) ; and the following adjuncts: (1) thrombosis of the saphenous 
vein in the thigh (frequently ascending thrombosis to the sapheno- 
femoral junction was secured) ; (2) emptying of the vein at the time 
of injection by elevation to or beyond the horizontal plane with strip- 
ping of the vein by means of the finger; (3) localization of the segment 
of the vein in which the injection was made by means of proximal and 
distal tourniquets ; (4) pressure bandages during and after the period 
of thrombosis to achieve collapse and adherence of the walls of the 
veins; (5) hot solutions (110 F.) to add thermal to chemical trauma, 

5. Faxon, Henrj' H.: End Results in the Injection Treatment of Varicose 
Veins, New England J. M. 208:357 (Feb.) 1933. 
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and (6) mechanical trauma by rough massage along the vein 
“= niection. The blame for recanaliaation or recurrence has hen 
JJSced particularly by McPheeters,« on the failure to obscrtx many of 

Stare hom thi beginning all efforts tvere aimed at permanent results 
as tvell as the Immediate relief of the symptoms and eompbea tons ot 
raricosities, I hat-e utiliaed the factors enumerated to furtber the 
thrombosis and lasting organization of the sclerosed veins. In spi c o 
this, the vein responded with recanalization, the natural history ot a 
thrombus, and, as these follow-up studies have shown, such recanah- 
zation proceeds to the extent that the varicosities recur, and the symp- 
toms of the disease are eventually manifest. Undoubtedly this will 
be true of the treatment by ligation and injection as well, for my figures 
show the return of varicosities from this procedure within the short 
time of observation. I have reason to believe that this return will be 
slower and the development of the varicose veins and their symptoms 
may remain in abeyance for a longer period than with injection alone. 
One discrepancy between my results and those of other observers might 
well be explained by the fact that in the first report patients were classed 
as having recurrences even though the recanalized veins bad not 
become dilated varicosities. The suggestion of Dr. Emile Holman, that 
rccanalization should not be considered necessarily as a recurrence, is 
valuable, and particular attention was paid to it in the reexamination of 
patients in the present series. MePheeters,' too, showed that recanali- 
zation does not progress with equal rapidity along the entire course of 
the lumen of the vein, and that even in the presence of recanalization 
the actual condition may still he similar to multiple ligations along the 
course of the saphenous S34stem. De Takats’ ® most recent report gave 
only 10 per cent recurrence following treatment by ligation and injec- 
tion. I feel that his admitted and pardonable failure to secure the 
return of the patients from the clinic for reexamination as well as 
the interest we have manifested in the process of rccanalization explains 
the gross differences in the two findings. 

The problem of the treatment of varicose disease has been advanced 
tremendously by the adoption of treatment by injection. Few phy- 
sicians now consider returning to the radical operation. The purpose 
of evaluation of treatment by injection is not to discourage or to 
abandon th e distinctly valuable therapeutic method, but to find its 

Met.' U'vma: Ligation ot the Saphemtos Vein, 
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limitations. The next step should be prophylactic. All varicose veins 
do not have a common cause. In over one third of the patients the 
fiist signs of vaiicosities develop in adolescent or early adult years. 
This group seems to have a congenital origin, and studies of the embryo- 
logic development of the valves of the veins of the extremities and of 
the progressive disappearance of many or all the valves in the saphenous 
system in the first few months of extra-uterine life suggest a clue to 
the development of this presumably congenital group. Endocrine fac- 
tors have been mentioned, but no one has satisfactorily indicated the 
endocrine disturbance or separated it clearly from those of mechanical 
nature. It is known, however, that varicosities make their appearance 
following thrombophlebitis of infectious diseases, childbirth and oper- 
ative procedures. Also, varicosities are known to have a definite relation 
to trauma of the lower extremities. Fractures, crushing injuries and 
osteomyelitis of the lower part of the leg are often followed by unilateral 
varicosities. During operative procedures for osteomyelitis or for the 
reduction of a fractui'e one may encounter thrombosed veins from 
which, on incision, fragments of dark thrombi may pour into the 
operative wound. Examination of legs amputated for crushing or 
infected compound injuries often reveals the venae comites as the 
source of interstitial hemorrhage or thrombosis far more frequently 
than the arteries. The posttraumatic edema of fractures of the lower 
part of the leg may persist for months, occasionally for two years after 
the removal of splints and the beginning of weight bearing. 

The early and continued use of pressure bandages or elastic sup- 
port of the limbs of patients with thrombophlebitis and edema is impera- 
tive whether the condition is puerperal, postoperative or traumatic.® 
Adequate support given the superficial saphenous venous system from 
the moment the patient is ambulatory not only prevents the increase 
of edema but should accelerate to the fullest extent the recanalization 
of the deep, thrombosed veins and in this way prevent or minimize the 
future development of varicosities in the superficial venous system. 

In regard to operative ligation at or near the saphenofemoral junc- 
tion followed by treatment by injection, my experience demonstrates 
that such a procedure does not prevent the recanalization of thera- 
peutically thrombosed veins, but I feel that it definitely retards the 

9. It is the custom of Dr. Emile Holman to insist that patients with post- 
operative thrombophlebitis remain in bed until the edema subsides. The ambulatory 
state is then not followed by edema. Repeated trials should be made to determine 
when freedom from edema (with the patient ambulatory) occurs. Three months 
in bed is not too long a time to carry put this regimen. A woman who had bilateral 
postoperative thrombophlebitis with marked edema was in bed for three months m 
order to arrive at the ambulant edema-free state. Five years subsequently she was 
free from edema, had no varicosities and was able to carry on her normal mode 
of living. 
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recurrence of the varicosities. Certainly persons with massive ^an- 
cosities, with incompetence of both saphenous and perforating vaUcs 
and with ulceration or eczema have benefited more by hgatmn than b}' 
injection alone. For uncomplicated varicosities without incompetent 
perforating veins and without ulceration or eczema, injection alone pro- 
duces an eminently satisfactory result from the patient s point ot \ ies\ . 
That such injections will require repetition over the course of year.-, 
should be explained to the patient and anticipated by the physician. 
Injection into varicosities for cosmetic reasons alone should be carried 
out in early varicosities, even in young adults, so as to reduce con- 
tinually or to prevent the reflex flow and stagnation that are believed 
responsible for the complications of the varicose state. A possible 
danger in this might be that veins dilated early, when thrombosed, 
might suffer destruction or distortion of the competent r’alves b\' the 
subsequent organization, so that in time the si-stem would lend itselt 
with greater ease to dilation by hydrostatic pressure in the upright 
position. 1 have not found this to be true so far, and in patients with 
competent perforating valves with definite recurrence of varicosities 
after injection I have not observed incompetence of perforating veins 
on return of the varicosities. 


SUMM.A.RY 


1. Eighty six and eight-tenths per cent of the patients treated by 
ligation and injection were observed for from a year to twenty-nine 
months after treatment. 


2. In spite of the ligation and injection, 100 per cent of these 
patients showed recanalization of the previously thrombosed veins. 

3. In only 23 per cent was there recanalization to the extent of the 
return of varicosities or of visible large veins; 77 per cent of the 
patients could be considered cosmetically cured. 

4. At the end of the period of observation S3'mptoms remained or 
recurred in only 12 patients— 15 per cent of those followed up or 
13 per cent of the entire group treated. 


5. Ligation with thrombosis by injection cannot prevent recanali- 
zation, but It retards recanalization to the point of return of varicosities, 

and should be used m complicated varicosities (incompetent perforating 
veins, ulcers and eczema). ^ ^uictuiig 
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Many of the reactions characterizing the various effects of operation 
on patients with hyperthyroidism resemble the responses which can 
be produced in such patients by the subcutaneous injection of epinephrine 
hydrochloride. As a result of clinical studies made during the past year, 
which are reported here, the belief seems warranted that the suprarenal 
glands play an important role in the clinical manifestations exhibited by 
patients with hyperthyroidism before and during thyroidectomy. Can- 
non and his associates ^ showed by physiologic experiments that the 
secretion of the thyroid and the active iodine-containing compound 
isolated from the thyroid gland by Kendall sensitized the sympathetic 
nervous system to the action of epinephrine. These researches explain 
the increased sensitiveness to epinephrine exhibited by patients suffer- 
ing with hyperthyroidism and form the basis of the epinephrine test 
(E. G.2). 

Long experience in observing the responses produced by the sub- 
cutaneous administration of epinephrine hydrochloride in patients with 
hyperthyroidism has made us familiar with the symptoms and signs 
which are manifested whenever there is a sudden increase in the amount 
of epinephrine introduced into the circulation. Thus in the epinephrine 
test described by one of us (E. G.) it was found that when a dose of 
0.5 cc. of 1 : 1,000 solution of epinephrine is injected subcutaneously 
into the patient with hyperthyroidism, the following signs and symptoms 
are produced. There occurs an early, fairly sharp rise of the systolic 
blood pressure and pulse rate of from 10 to 50 or more points. At 
the same time one finds as a rule a slight to moderate fall of the diastolic 

From the Department of Surgery, Long Island College Hospital. 

Read before the American Association for the Study of Goitre, Memphis, 
Tenn., May 17, 1933. 

1. (a) Cannon, W. B., and Cattell, McK.: Studies on the Conditions of 

Activity in Endocrine Glands : III. The Influence oi Adrenal Secretion on the 
Thyroid, Am. J. Physiol. 41:74, 1916. (b) Levy, R. L. : IV. The Effect of 

Thyroid Secretion on the Pressor Action of Adrenin, ibid. 41:492, 1916. 

2. Goetsch, E.: Newer Methods in the Diagnosis of Thyroid Disorders: 
Pathological and Clinical ; B. Adrenaline Hypersensitiveness in Clinical States of 
Hyperthyroidism, New York State J. Med. 18:259, 1918. 
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As a result, the pulse pressure, Avliich is 

oreatly increased. In the course of from.thirty to 


pressure. 

n-ork of the heart, is 
thirtv-five minutes there is a 


moderate fall in the systolic pressure, 
to amAtrate atodarj. rise, rvWch is succeeded by a gradual fall 
to the normal in about one and one-balf hours. The diaslobc P”=“ure 
also returns to its previous level in this intervab The resptratioi^s 
become deeper and often ntoderately accelerated. ^ Smiultancously tv, b 
these changes one sees an exaggeration of the clinical picture of cxopi- 
thalmic goiter or hyperthinoidism, especially the nervous nianif«tnlions. 

All or pan of the following symptoms are to be found: increased 
tremor, apprehension, precordial and peripheral throbbing, and asthenia, 
and, in fact, an increase of any of the sj'mptoms of which the patient may 
previously' have complained. Vasomotor changes may be present. The 
initial vasoconstriction with pallor and coldness of the hands and feet 
is followed by vasodilatation with flushing and sweating. There may- 
be a slight rise in temperature and a slight diuresis. Furthermore, in 
the past several years studies conducted in the surgical clinic of the 
Long Island College Hospital have shown that a striking leukocytosis 
occurs promptly after the subcutaneous injection of epinephrine hydro- 
chloride in the patient with hyperthyroidism. In a paper on this sub- 
ject, read before tliis association two years ago by one of us fE. G.), 
it was pointed out that the hypodermic injection of 0.5 cc. of epinephrine 
hydrochloride in a patient with hyperthyroidism was followed by a 
prompt and sharp increase in the number of leukocytes. These may- 
increase from the normal count to 30,000 or 35,000 per cubic millimeter 
of blood. The differential count at this time indicated a striking mono- 
nucleosis in which there were bodi relative and absolute increases in 
the mononuclear cells. Simultaneously there occurred a striking diminu- 
tion in the percentage of polymorphonuclear cells. At the end of from 
one to tvvo hours, the wlute cell count had returned approximately to 
the preinjection level. Apropos of this, Menkin ^ pointed out that emo- 
tional stimulation in animals caused a relative increase in the mono- 
nuclears in the circulating blood. An increase in the blood sugar is also 
known to occur following an injection of epinephrine hydrochloride, 
which presumably mobilizes the glycogen in the body tissues. Inci- 
dentally, a concomitant rise in the body temperature has been noted. 

Bearing in mind these various manifestations produced by the admin- 
istration of epinephrine hydrochloride in the patient with hyperthyroid- 
ism, the surgeon experienced in operations on the thyroid gland could 
not fail to be impressed by a striking similarity^ in the clinical reactions 
01 the patie nt with hyperthyroidism to thyroidectomy and to the admin- 

RvlMiv. Moncmvcloosi,. A„. J. ThysH. SMS), 
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istration of epinephrine hydrochloride. Accordingly, we planned to 
study more minutely the various etifects produced by thyroidectomy. 
Before describing in detail the operative reactions, we shall enumerate 
the harmful factors which are inherent in practically every major 
operation and whicli are directly or indirectly responsible for these 
reactions. These factors are well recognized. They are, in brief, the 
emotional states of fear and apprehension and the exhausting factors 
of pain, trauma, possible hemorrhage, metabolic and nervous strain, 
anesthesia and the possible anxiety, nausea, vomiting and starvation 
of the immediate postoperative period. It is needless to elaborate fur- 
ther on the nature of the major ordeal of operation, particularly on 
a nervous and sensitive patient. In this connection one may recollect the 
interesting and significant contribution of Cannon^ with respect to the 
function of the suprarenal glands and their increased activity resulting 
from the emotions of fear and anger and following painful stimuli. 
There was produced accordingly an increased amount of epinephrine 
in the organism. Thereupon he elaborated his theory of the emergency 
function of the suprarenal medulla in pain and the major emotions. 
Surgeons are forever indebted to Crile ® for emphasizing these noxious 
factors and for his technical methods of reducing their harmful effects 
in all operations and particularly in operations on the sensitive patient 
with hyperthyroidism. His technic of anoci-association has been fully 
described and is familiar to all. 

It is our purpose to describe somewhat minutely the reactions to 
thyroidectomy observed in the patient with hyperthyroidism, to point 
out the similarity of these reactions to those previously exhibited by 
the same patient after a hypodermic injection of epinephrine hydro- 
chloride and to offer what appears to be demonstrable evidence that 
suprarenal activity is the causative agent in the production of the char- 
acteristic operative reactions to thyroidectomy. 

METHOD OF STUDY 

The preparation of the patient and anesthesia were uniform. It has been 
customary to administer 1/6 grain (0.0108 Gm.) of morphine hypodermically an 
hour before operation and a second injection of 1/8 grain (0.0081 Gm.) thirty 
or forty minutes later. The anesthetic used in all the cases consisted of nitrous 
oxide and oxygen supplemented occasionally with small amounts of ether. This 
was administered by an anesthetist of many years’ experience. The factor of 
anesthesia was thus constant in all the studies. In a considerable number of 
control operations such as excision of tuberculous glands of the neck, herniotomy 

4. Cannon, W. B. ; The Emergency Theory of the Adrenal Medulla in Pain 
and the Major Emotions, Am. J. Physiol. 33:3 d6, 1914. 

5. Crile, G. W. : Protection of the Patient in Surgery on the Thyroid., Surg., 
Gynec. & Obst. 32:213, 1921; The Present Status of Anociation: A Critical 
Review, Ann. Surg. 86:251, 1927. 
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aM app.nd»,0„>. it was ao.ed 

cba,.a i„ tha palaa >«=. ”v .!. lin.tc Lila oi 

i„ „er>. otdhaty f ™.fi»iail c«aclvcs t, inlcr- 
anoci-association observed bj C ^ ^ a--„- ♦iipmselves rather than 

pretatioB and explanation of the operative reaction^ theinsehes, 

offerine; means of combating them. . , „ . 

In a small series of recent cases carefully studied, the JonUnc .a 

adopted: On the morning of operation, observations were made on the p 
rme, blood pressure and temperature. Samples of blood were taken for blood 
counts and blood sugar determinations. The preliminary m;ect,on of morphine 
had been given, and the same observations were repeated on the arrival ol the 
patient in the operating room and again immediately before the anesthetic na^ 
begun. Similarly, observations were made at intervals during the operation and 
during the immediate postoperative period and, in some instances, at various 
times during the forty-eight hours or more after operation. The findings following 
operation are interesting but are not included in this preliminary report. 


REPORT OF CASES 


Case 1 . — Clinical Behavior of a Patient with a Highly Toxic Exoplithalinic 
Goiter Before, During and After Thyroidectomy. 

History. — 9.[iss A., representative of the group of young persons suffering with 
highly toxic hyperthyroidism resulting from exophthalmic goiter, was 24 years 
of age and had had progressive hyperthyroidism over a period of one year. The 
thyroid gland was definitely enlarged and showed marked vascularity. Her eyes 
were strikingly prominent, and there had been a great loss of weight. The 
pulse rate varied between 120 and 130. After ten days of preparatory treatment 
with iodine, the pulse rate diminished to 110. The basal metabolic rate before 
this period was plus 52.9 per cent, and following the ten days of treatment 
with compound solution of iodine it fell to only plus 45 per cent, and the clinical 
improvement was not marked. Four days later the patient was operated on. At 
this time it was not considered safe to do more than a right hemvthyroidectomy, 
which was performed at 10 : 30 a. m. on April 14, 1933. 


Preoperative Period . — ^The patient was reasonably calm while in her room. 
Unfortunately, there was a delay in the operating room before the anesthetic 
was administered. The patient became restless; her face was flushed, and, as a 
result of this period of waiting, there was a definite rise in the pulse rate and also 
in the rectal temperature. The respirations and the blood sugar were also 
increased. This is a known response to emotion, particularly fear and apprehension. 
There was a slight fall in the blood pressure, which might be attributable to the 
moderate dose of morphine. There was as yet no decided change in the total 
white blood count or in the differential count. The rectal temperature rose 0.4 F. 
during this period. At the same time the pulse rate rose from 108 to 135 There 
%vas a slight diminution in the total leukocj-te count, with a relative rise in the 
po y.„orpUonuclears and a fall in the mononuclears. The systolic blood pressure 
ell slightly but there was a rather definite fall in the diastolic pressure, thus 
increasing the pulse pressure even before the anesthetic was begun. 

Orrmutv PcHorf.-Immediately before and more particularlv tmmediatelv after 
ane.thesia was begun, wc lound a decided change in all the reactions. The behavior 
each rcacuon up to its maximum, which appears in about from t^ve21^to 

operation, is giL. 
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Pulse: The pulse rate rose from 144 to 180, an increase of 36 points, and 
during a short period it reached 190, but we did not attribute these 10 points 
to the operative procedure per se, because there was slight pressure momentarily 
on the trachea during the delivery of the lobe. Throughout the operation there 
was no other embarrassing factor of this character, the anesthesia being satis- 
factory. There occurred an increase in the pulse rate of 72 points from the normal 
of 108 when the patient was in her room to 180 at the peak of the reaction. 

Blood Pressure: The systolic blood pressure dropped from the preoperative 
level of 140 mm. to 124 mm. of mercury and then rose to a peak of 176 mm. 
Simultaneously, the diastolic pressure was maintained at the low level of about 
65. Accordingly, the pulse pressure was increased from the preoperative normal 
of 50 to 108, an increase of 58 at the height of the reaction. 

Leukocytes: There was a striking increase of 10,400 in the total white 
cell count, namely, from 7,250 to 17,650 at the peak of the reaction. The count 
had thus more than doubled. 

Differential Blood Count: The polymorphonuclear leukocytes, which showed a 
slight rise up to the time the anesthesia was begun, immediately and precipitously 
fell from 63 per cent to 34 per cent just after the peak of the reaction. The 
mononuclear leukocytes, which showed a preliminary slight fall, rose precipitously 
during this interval to 66 per cent. Thus, the differential picture before operation 
was reversed during operation. 

Blood Sugar: Furthermore, there occurred a moderate rise of the blood 
sugar from 80 mg. per hundred cubic centimeters of blood, while the patient 
was in her room, to 95 nig. just prior to administration of the anesthetic. 
Following this there was a definite increase to 120 mg. just after the peak of 
the reaction. There was thus an increase of 40 mg. in the blood sugar. 

Rectal Temperature: During all this time the rectal temperature rose from 
98.8 F., when the patient was in her room, to 101.2 F. at the peak of the reaction, 
namely, an increase of 2.4 F. 

After the peak of the reaction had passed there was a gradual tendency to a 
restoration of the previous preoperative picture, although all the factors did not 
behave in the same way. 


Period of Subsidence of Reactions . — The operative reactions after the peak 
had been reached and during the postoperative period to 5:30 p. m., seven hours 
after operation, were studied next. 

Pulse : The pulse rate gradually fell from the peak of 180 during operation 
to 158 at the end of operation, and to 118 in the evening. 

Blood Pressure. The systolic blood pressure fell less strikingly, from 176 
at the peak to 156 at the end of the operation, and then gradually diminished to 
146 in the evening, thus remaining slightly above the preoperative normal pressure. 


which was 140. 

The diastolic pressure rose from its low point of 60 at the peak of the 
operation to 70 at the end of the operation, and then gradually increased to 90 in 
the evening. Thus, the pulse pressure, which was much increased from 50 before 
operation to 108 during the operation, had returned to SO or to the preoperative 
normal by evening. 

Leukoc 3 ^tes: The total white cell count behaved in a strikingly opposite manner; 
that is, while the remaining operative reactions were tending to return to the 
preoperative normal the leukocytes continued to increase. Thus the peak of 17,WU 
was maintained practically to the end of the operation. During the postoperative 
period there was a further increase to 26,600 as compared with a preoperativc 
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1 f 7'7=;fl This occurred about one and one-half hours aft . , . , 
normal of 7, -a . evenine the white cell count was still hish, 

pletion of the operation, and .... ppii count has been previously 

namely, 19,250. in the white 

SX* oXXl- .I-pe. is a s«c.ioa to Ir.aa.a and sarn.n 

absorption, and not to the suprarenal factor. ^ .i,. 

Differential Blood Count: The mononuclear count tollowing f * 

reaction fell precipitously from 66 to 33 per cent at the end of the operation, an 1 
finally dropped to 13 per cent at 5:30 p- m. Conversely, the polymorphonuclear 
count rose abruptly from its low point of 34 per cent during the 
per cent at the end of the operation and to 87 per cent at a ; 30 p. m. Thus in char 
1 there is a crossing of the lines twice as a result of the changes m the differential 
count, the polymorphonuclears showing a definite decrease in number dunng the 
operation and a marked rise much above their normal level at the end oi t le 
operation. The reverse holds true with referevree to the mononuclears, which 
show a definite rise during the operation and a precipitous fall to 13 per cent in 
the evening. 

Blood Sugar: The blood sugar level was maintained at its high operative 
level of from 120 to 125 mg. per cubic centimeter of blood during the subsequent 
tiVQ and one-half hours. Further determinations were not made in order to 
avoid disturbing the patient by puncture of a vein. 

Rectal Temperature: The temperature gradually fell from its highest point 
during operation, 101.4 F., to 99.6 F. in the evening. 

There was a definite and positive reaction on the part of the patient sub- 
jectively and particularly objectively. We have described these operative reactions 
in detail in order to compare them with the similar reactions observed four 
days previously in the same patient after the hypodermic administration of 0.5 
cc. of 1 : 1,000 solution of epinephrine. In general, there is a striking parallelism, 
in the reactions to operation and to epinephrine, as is well illustrated in charts 1 
and 2. The differences are those of degree rather than character, the operation 
in this case causing a more definite response than is brought out by the injection 
of 0.5 cc. of epinephrine hydrochloride. 

Clinical Rcsl>onse io ihe Injection of Epinephrine Hydrochloride . — ^The response 
to the injection of 0.5 cc. of 1 : 1,000 solution of epinephrine (chart 2) given on 
April 11, three days before this patient was subjected to thyroidectomy, follows. 
Obser'.ations similar to those w'hich were made at the time of operation and which 
have been described had been previously made in a study of the clinical response 
of this patient to the hypodermic injection of epinephrine hydrochloride. The 
patient’s normal was established in regard to the various observations which we 
intended to make. These observations were then further continued after the 
mjection of the epinephrine hydrocholride. The patient was relatively calm 

and composed during the preinjection period. A summarv of the reactions is 
given here (chart 2). 

averaged 125. There was an abrupt rise 


to a peak of 178 in from five to ten minutes 


,, , , , ’ ” — an increase of S3 points. Thereuoon 

he puke showed a rontinual gradual fall to the preinjection level of 125- Le 

'20, or 

in Konlin'eciivc Surgical CoMitioil^W Surg.%Tfi? 9 ^^ 
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Blood Pressure: The systolic blood pressure taken when the patient was 
resting quietly in bed was rather constant at 145 mm. ol mercury. Immediately' 
after the injection of epinephrine hydrochloride there was a precipitous rise 
which reached its peak at 198 in a period of eight minutes, an increase of 53 mm. 
of mercury. There was a fairly prompt fall to 156 in thirty-five minutes, and 
then a^ gradual fall to 132 in one and one-half hours following the injection, 
at which time the reaction had practically subsided. The diastolic pressure 
beginning at 68 rose sharply to 92 at the peak, at which time the pulse pressure 
had increased to 106, as compared with the preinjection pressure of 78. A definite 



Chart 1 (case 1). — Clinical chart in a case in which right hemithyroidectomy 
was performed on April 14, 1933. The chart is divided into the preoperative, 
operative and postoperative periods, and shows graphically the striking changes 
which occur during these periods in the pulse rate, blood pressure, leukocytes, 
blood sugar and temperature in response to the operative procedure, 

increase of pulse pressure was maintained over a considerable period following 
the injection of epinephrine hydrochloride and resulted largely from a continued 
fall of the diastolic pressure. 

Leukocytes: The total white cell count rose from its preinjection level of ^ 
7,550 to 11,650 at its peak, an increase of 4,100 in about twenty minutes after the 
injection. The count then gradually fell at the end of one and one-half hours to 
7,400, which was just below the preinjection level. 
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, . f. Thp differential blood count showed striking 

Differential Blood Count. polvmorphonudcars was 59; after the 

changes. The preinjection percen - minutes, and then 

injection there was a precipitous fall to 42 P ^ 

during the remainder oi p^^^^ level. The 

ItcriL'^trlerr^ornudears. which rose abruptly from a preinjection 
of per cent to 58 per cent in Uventy minutes and then fel rather abruptU 
Xr one aL one-half hours to the low of 28 per cent, about 13 per cent belou 



Chart 2 (case 1). Clinical chart showing the changes which occur in the 
(inlse rate, blood pressure, leukoc>-tes, blood sugar and temperature in response 
to the subcutaneous injection of 0.5 cc. of 1 : 1,000 solution of epinephrine. These 
observations were made on April 11, 1933, three davs before the hemithvroidec- 
tnmy. A comparison of charts 1 and 2 shows a striking similarity in the' clinical 
etiects produced by operation and by the injection of epinephrine hydrochloride. 

1 C ifferences are merely of degree oi response and not of general character. 


the prciniection level. This behavior of the differential count is precisely like 
that tound during operation, ^ 
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of 120 mg. was reached about one-half hour after the injection. Following this, 
there was a gradual fall at the end of one and one-half hours to 95 mg., 13 mg. 
above the preinjeetion level. 

Rectal Temperature: During the period before the injection of epinephrine 
hydrochloride, the rectal temperature registered 98,8 F.; forty minutes after the 
injection, the temperature rose to 99.1 F., and thirty minutes later it was still 99 F. 

Comment. — K woman, aged 24, suffering from a highly toxic exoph- 
thalmic goiter, was subjected to a hemithyroidectomy under nitrous 
oxide-oxygen anesthesia. Characteristic clinical reactions were produced 
by this procedure, particularly during the operation, but also preopera- 
tively. They included briefly a sharp rise in the pulse rate from 110 
to 190, a rise of 36 mm. of mercury in the systolic blood pressure, an 
increase of 58 points in the pulse pressure, a marked leukocytosis char- 
acterized by an increase of 10,400 in the total white cell count and a 
striking mononucleosis during operation followed by a secondarj’- fall 
in the percentage of mononuclears toward the end of the operation; 
synchronously with this there occurred a preliminary fall in the per- 
centage of polymorphonudears and a secondary rise which continued 
to increase during the postoperative period, an increase in the blood 
sugar of 40 mg. per cubic centimeter of blood, and finally an increase 
of 2.4 F. in the rectal temperature. After the maximum reaction had 
been reached during operation, there was a tendency to a restoration of 
these reactions to their preoperative normal, with the exception of the 
continued changes during the postoperative period in the total white 
cell count and in the differential picture. 

Similar observations were made on the reactions in the same patient 
during an epinephrine test (table 1) carried out three days before opera- 
tion. It was found that when a dose of 0.5 cc. of epinephrine 
hydrochloride was injected hypodermically precisely the same char- 
acteristic reactions were produced as when thyroidectomy was per- 
formed. The differences are those of degree of reaction and not of 
general character. It is unnecessary to enumerate in detail the responses 
to the epinephrine hydrochloride. A striking similarity is noted in the 
responses to operation and in those produced by the epinephrine in the 
same patient. This is well illustrated by reference to charts 1 and 2. 
The injection of a larger dose of epinephrine hydrochloride would doubt- 
less duplicate the somewhat greater degree of reaction produced by 
operation, but this would not be justified. It might even be unsafe. 
We have good reason to believe, therefore, that epinephrine plays a 
large role in the production of the operative clinical picture. We have 
studied a number of cases of exophthalmic goiter of varying degrees of 
toxicity from the rather mild cases to those of moderate intensity, and 
briefly, the reactions both to operation and to epinephrine, as would 
be expected, are of a correspondingly less marked intensit 3 ^ Similarly. 
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the reactions in patients with toxic adenoma are definitely less marked 
than those we have described in the case of exophthalmic goiter. 

Table I. — Clinical Reactions to the Hypodermic Injection of Epinephrine 
Hydroehhride in Case 1 


R€S- 

pita- Blood 

Time Pulse tion Pressure 
11:00 140 


Blood 

Count 


WAO 

11:10 


11:24 

11:20 

n;Sl 

11:32 
11:34 
11 :3a 


120 


120 20 


Comment 

150/14 General status, sublective relaxation; otijectlvcly 

patient is somewhat nervous amt upset; pre- 
cordlal and neck pulsations arc lalrly promi- 
nent; fairly marked finger tremor; hands warm 
and mildly moist 

Blood sugar average before injeetinn of epineph- 
rine, S2 mg, per 100 cc. of blood 
Temperature, 0S.S F, 

Status the same 


346/65 

145/GS 

245/76 


W.B.C. 7,570 
Pmn. oOSs 
Xono. 41% 


its 


so 


Speeimen of l>Iood taken (sugar, ICO mg. per i:o 
cc.) 

Injection of epinephrine hydrochloride (0.." cc. of 

,,,,,, 1:1,000 solution) 

Feels weaker; 


lS€/t>0 

194/M 


n;C9 134 20 IM/SO 


W.B.C. Xone 
Pmn. 40% 
Mono. 54%: 


11:43 

11:43 


144 

144 


11:70 140 


11:3.-, 

]2:C<I 


13S 


30 

30 


26 

24 


1S0/7S 

]t2.CS 

15S/C0 


•'catching her hreath" 

Precordial throbbing; pallor of fare; dyspnea; 
restless 

Slow, strong beats alternating with more rapid 
one^ prccordial throbbing; tremor Increased: 
hands dry and warmer; feels better 

v'e?-'’'*’-, regular and 

now stabilized 

Kate and depth of respiration increased: pallor 
disappeanng; prccordial and neck throhh'.ng 
con.sclous of miicli dlstuf- 

S’wa™ an"d 


W.B.C. 11,050 
Pmn. 42% 

‘ “pafpaGo™’ -'“Ehtly cool to 

Spwmcn of blood taken (sugar, 120 mg. per ICO 

^'4er"’?rVof ^tii] 

Recta? temperature, 90 1 p 

somewhat tired- 

Same status 


12:03 

134 

2o 

156/72 

ly.B.c. 

9.650 
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12 ;io 
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o* 
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25 

340/54 

W.B.C. lO.aCO 





Pmn. 

C3% 

12::.:, 

12S 

25 

142/56 

Mono. 

37% 

12-mo 


2o 

140/.-,S 





00 

140 7.S 

W.B.C. 

Pmn. 

Mono. 
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Pe, was 29 years 
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of age. A small lump was noticed on the left side of her neck after the birth of 
her first child four years previously. Since first noticing the lump, she experienced 
slight nervousness, fatigue, emotionalism and irritability. Throbbing of the heart 
and tremor were not noted. There was an adenoma as large as a small lime in the 
left lobe of the thyroid gland. It was semifluctuant and produced a feeling of 
choking on pressure. The pulse rate was 100. The blood pressure was 104 
systolic and 66 diastolic. The patient had lost 10 pounds (4.5 Kg.) during the 
previous four or five years, her present weight being 105 pounds (42.6 Kg.). 
Excision of the adenoma was done on April 5, 1933. The basal metabolic rate 
after the period of therapy with an iodine preparation was plus 5.9 per cent. 
There had been no appreciable change in the clinical status following the treatment 
with iodine. 

Preoperative Period . — The patient was quiet and composed while in her room 
at 7:30 a. m. and at 8 : 00 a. m., at which time she was taken to the operating 
room. Small doses of morphine had been previously administered. As indicated 
in chart 3, the changes in the various factors of reaction during this preoperative 
period were either insignificant or negligible. There was a slight fall in the 
pulse rate and in the systolic blood pressure. There was no change in the 
diastolic pressure. There was also a slight diminution in the total white cell 
count. The differential count showed some changes, such as a slight fall in the 
percentage of polymorphonuclear leukocytes and a slight rise in the mononuclear 
cells. There was no change in the rectal temperature. Blood sugar determinations 
were not made in this case. In other words, the changes noted during the pre- 
operative period were only slight and may be compared with the definite changes 
noted during the preoperative period in the patient with the toxic exophthalmic 
goiter previously described. 

Operative Period. — Pulse: During the period of waiting in the operating 
room and until anesthesia was started, the rise in the pulse rate was the only 
really significant change noted. There was an increase from 90 to 120, a rise 
of 30 points. This compares with a rise of 72 points in the case of exophthalmic 
goiter under comparable conditions. Subsequently, after anesthesia was begun, 
the pulse rate rose from 120 to 132. Thereupon there was a temporary fall to 108, 
with a subsequent rise to 136 and then a gradual decline with oscillations to 
120. In other words, there was no further increase in the pulse rate produced 
by the operation per se than was produced by the preoperative factors concerned. 
The high point of 132 compares with 190 plus in the case of exophthalmic goiter. 

Blood Pressure: The change in the systolic blood pressure was negligible. At 
the same time there was a preliminary fall in the diastolic pressure of less than 
10 points, which was recovered by the time the anesthesia was started. Thus 
there was no increase of pulse pressure during this preanesthetic interval. After 
anesthesia was established and the operation begun, the normal systolic pressure 
of 104 increased just before the middle of the operative procedure to its maxi- 
mum of 136, following which there was a decline to 128 at the end of the 
operation — a moderate operative effect. The diastolic pressure, following the 
establishment of anesthesia and during the operation, tended to fall slightly from 
73 to an average of 58, thus increasing the pulse pressure by 30 points, from 40, 
its normal, to 70, during the maximum effect of the operation. This compares 
with an increase of pulse pressure of 58 in the case of exophthalmic goiter under 
comparable conditions. 

Leukocytes : There was an insignificant change in the total white cell 
namely, a fall from 5,800 to 5,650. There was a fairly definite increase m the 
total white cell count during the operation from 5,650 to its maximum of -,3 
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he tcenige of polymorphonuclears was 70. These changes differ s tnk^ i 
frLTse seen un^ comparable conditions in the patient o 

goiter. During the preoperative waiting period there u-a g 

significance in the percentage of mononuclear cells, which had fallc 
to 25. During the operation there was a slight rise of the mononuclears fro 
25 to 38 per cent, a rise of 13 per cent; a fall to 30 per cent occurred at the end of 
the operation, thus making a moderate change in the mononuclear count. 

Blood Sugar Determinations : The blood sugar was not studied in this case. 

Rectal Temperature: There was a slight rise of rectal temperature from 98.8 
F. before operation to 99.2 F. at the height of operation and 99 F. at the end of 
the operation. There was an increase of rectal temperature of 0.4 F. as compared 
with 2.4 F. in the patient with exophthalmic goiter. 

Postoperative Period of Subsidence of Clinical Reactions . — Following the 
completion of the operation, there was a fairly prompt recovery, particularly on 
the part of the pulse rate and blood pressure. 

Pulse : The pulse rate was rapidly restored to normal within an hour following 
the close of the operation, following which there was a slight fall, and at the end 
of the day the pulse rate was 84. 

Blood Pressure; Similarly, the systolic blood pressure recovered its normal 
level within an hour, namely, 108, which was maintained to the end of the day. 
The level of diastolic pressure returned to normal at the end of the operation and 
remained so to the end of the day. 

Leukocytes; A progressive increase in the leukocyte count during the post- 
operative period was found. As previously stated, we feel that this increasing 
leukocytosis was due largely to the reaction to the wound and was not a response 
to the operative procedure per se. Thus, a rise in the total white cell count was 
noted from 9,800 at the end of the operation to 23,900 at the end of the day, 
seven and one-half hours later. During this same interval the percentage of 
polymorphonuclear leukocytes had risen from 70 to 96 at the end of the day, and 
the percentage of mononuclears had fallen from 30 to 4. This reaction is rather 
strikingly similar to the late leukocytic reaction in the case of exophthalmic 
goiter, which is another reason for believing that the reaction to the wound 
and not the suprarenal factor is the cause in both cases, since in other respects 
there were such remarkable differences. 

Rectal Temperature; There was no change in the rectal temperature. 

In summarizing, there were only moderate subjective and objective clinical 
reactions m this patient with mildly toxic adenoma during the period of antici- 
pation 01 the operation, during the immediate preanesthetic period and during 
the QiKration. The responses described were all mild or moderate and are 

‘^^‘’"'tely marked reactions which we found during 

peation on the patient wiUi exophthalmic goiter. The operative reactions in 
the pa . cuts with e.xophthalmic goiter and adenomatous goiter are strildL 

r “44 -S 
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Clinical Response lo the Injection of Epinephrine Hydrochloridc.~lh& reactions 
to the subcutaneous injection of 0.5 cc. of 1 : 1,000 solution of epinephrine given 
on April 4, 1933, one day before the operation for excision of the adenoma, were the 
same as those noted during operation and previously described in case 1. Thus, 
the immediate preinjection status was one of quiet and composure, and there 
were no changes noted in any of the possible clinical responses. 

Pulse: The preinjection pulse rate averaged 98. Following the injection of 
epinephrine hydrochloride, the pulse rate rose promptly and abruptly, but 
moderately, from 100 to 116; it returned promptly to the preinjection level, and 



Chart 3 (case 2). — Clinical chart in a case in which a mildly toxic adenoma 
was excised. The basal metabolic rate after the preparatory treatment with 
iodine was plus 5.9 per cent. The chart is divided into the preoperative, operative 
and postoperative periods and shows graphically the relatively mild responses 
which are produced in the pulse, blood pressure, leukocytes, blood sugar and 
temperature in consequence of the operative procedure. 

then remained at an even level of 104 throughout the period of observation, which 
was from 11 : 00 a. m. to 12 : 30 p. m. There was thus a slight early increase m the 
pulse rate which soon returned to normal. 

Blood Pressure: The systolic normal pressure was 110. Following the injec- 
tion of epinephrine hydrochloride there was a temporary fall to 84 with a su - 
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sequent abrupt vertical rise to 126, following which there was a gradual fall to 
100 at the end of the period of observation. The diastolic pressure began with 
a normal of 72, ran parallel with the systolic pressure, fell temporarily to 50 
and then promptly returned to 68, thus increasing the normal pulse pressure 
18 points, from 40 to 58. Following this the diastolic pressure fell but soon 
recovered and remained constant at a level averaging 66 to the end of the period 
of observation. There was thus a moderate increase of 18 in the pulse pressure 
at the height of the reaction to the epinephrine hydrochloride. This is to be 
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the test and remained at a constant )evel, averaging about 10,500. There was a 
rise m the percentage of polymorphonuclear leukocytes from the preinjection 
normal of 77 to 93, an increase of 16 per cent at the end of an hour following 


Table 2. Clhiical Reactions to the Hypodermic Injection of Epinephrine 

Hydrochloride in Case 2 
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Comment 

Calm and relaxed; line tremor of hands; hands 
dry; mild pulsations in neck 

Status nnehanged 

Injection of epinephrine hydrochloride (0.5 cc. of 
1;1,000 solution) 

Status unchanged 

Increased depth of respiration together with in- 
creased rate; deep sigh; feeling of fainting 

Circumoral pallor marked; increased neck and 
cardiac pulsations; slightly increased hand and 
finger tremor; hands moist; “feet cold” 

“Pounding of heart;” increased throbbing of 
neck; pallor of fingers 


Status unchanged 

Respiration deeper; cardiac and neck pulsations 
still marked; hands mildly moist; tremor of 
fingers still present 

Neck and cardiac pulsations moderately marked; 
“feet feel as thought they were getting 
warmer;” actually cold to the palpating hand 

Circumoral pallor less; hands slightly wanner, 
are mildly moist; finger tremor still present 

Status the same; cardiac and neck pulsations 
still moderately marked; feet still cold; hands 
still moist; tremor still exaggerated 

Feet still cold; status about the same otherwise; 
cardiac pulsations distinctly less; feels quite 
relaxed and similar to status prior to injection 
of epinephrine hydrochloride; finger tremor very 
mild although definite; hands mildly moist 

Status the same 

Status the same; blood flows freely from stylet 
wound in blood puncture 


Status essentially the same; bands quite warm, 
mildly moist; relaxed generally; feet feel warm 
objectively and subjectively 

Patient quite relaxed; hands and feet quite 
warm; mildly moist; neck and cardiac pulsa- 
tions now back to normal 

Dinner (end of reaction) 


the injection. Then there was a moderate fall to 82 per cent at the end of t 
period. The mononuclear Jeukocytes rose sJigbtly from the preinjection norma 
of 23 per cent to 29 per cent during the early period of observation, fell to a low oi 
7 per cent and recovered to 16 per cent at the end of the period of obsen-ation. 

Postepinephrine Injection Period . — ^All the factors of response were obsenc 
from the end of the period of observation at 12 : 30 p. m. to 6 : 00 p. m. < 
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( anfl it mav be briefly stated that 

Tjnnecessao' to elaborate in t e case o , factors of response during this 
*er. ivere no signiBeim. 't”- ™ ® ‘“i„ cell count a. 3:00 p. nt- 

Ct: rSniTarpractica,,,. subsided in » period oi one and one- 

Lli honrs after the injection ol epinepiiriiie hydroelilonde. 

Cot clinical reacts the" ot tetlc 

l»;:fra:.«.“rlilvcly tar tniWer (chart 3) as compared 
with the sharp reactions in the case of the patient with exophlhalirnc 
goiter (chart 1). It is unnecessary to emmieratc them m detail. On 
the dav before operation, an epinephrine test %vas done (table ), 
bv comparison rvith chart 4, it is seen that the clinical reactions to t ic 
subcutaneous injection of 0.5 cc. of epinephrine hydrochloride were 



Chart 5 (case 3). — Clinical chart of a control patient showing the absence of 
clinical reactions on the part of the pulse rate, blood pressure and respira- 
tions during excision of tuberculous glands of the neck. The chart shows the 
absence of clinical response to anesthesia and operation in the patient without 
hyperthyroidism. 


also relatively mild and of the same character as those provoked by 
operation. Furthermore, it is noted, particularly tvith reference to charts 
1 and 2, that the reactions to operation and to epinephrine were approxi- 
mately equal and proportional to the degree of toxicit}' manifested by 
the patient, clinically and by the metabolic rate. The responses to the 
injection of epinephrine hydrochloride in the patient with adenoma 
(chart 4) were far less acute than the reactions in the patient with 
exophthalmic goiter, obsen-ed under similar conditions. 


■ P.ilsc Ra.c ar.d Reshration in a Control Case. 

In order to test the factors of anesthesia and operation in other than natient 
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to the reactions of tlie^ blood pressure, pulse rate and respiration. The same 
type of anesthetic was given, and an operation was chosen of a nature somewhat 
similar to thyroidectomy, namely, excision of tuberculous glands of the neck. 
The subject chosen for this report was a woman, aged 25, who was in general 
good health, excepting for the tuberculous glands, and had a basal metabolic rate 
of minus 9 per cent before operation. There were no significant reactions to the 
anesthetic or to the operative procedure (chart 4). There was a mild rise in the 
pulse rate when the anesthetic was started. This returned to normal at the begin- 
ning of the operation and remained practically so throughout the operation. There 
was no rise of the systolic pressure or significant fall of diastolic pressure at the 
beginning of the anesthesia. In fact, at the time the operation was begun, both 
fell moderately and then remained at a fairly constant level throughout the 
operation. Similarly there was no change of significance in the respiratory rate. 

COMMENT 

In a nonsensitive patient, as compared with the sensitive patient 
with hyperthyroidism, the factors of anesthesia and operation do not 
have an appreciable effect on the pulse rate, blood pressure and respira- 
tions. The etiologic factor which produces such sharp clinical reactions 
during operation in the sensitive patient with hyperthyroidism is absent 
in the control patients. 

Finally, after observing a large series of control subjects with par- 
ticular reference to their reactions to operation and to epinephrine, we 
can state that the responses to both are relatively negative. This holds 
particularly with reference to blood pressure, pulse rate, respiration and 
general subjective responses. Our detailed study of control subjects 
during operation with particular reference to changes in the leukocyte 
count, blood sugar and temperature is limited. Therefore, general com- 
parisons are not to be made at present. Our purpose is, for the moment, 
to explain simply the reactions which were found in the active cases of 
hyperthyroidism. Further studies are being made on normal subjects. 

SUMMARY 

Observations have been made on the clinical reactions exhibited by 
patients subjected to thyroidectomy. These reactions are seen in a mild 
degree during the period of anticipation of operation and more intensely 
during the course of operation. 

Preoperative Period . — As a result of our studies thus far, we believe 
that the reactions of the sensitive, toxic patient with hyperthyroidism to 
operative procedures such as thyroidectomy are definite and readily 
recognized. The element of emotion, apprehension and fear, with its 
stimulating effect on suprarenal activity, has been mentioned. The 
psychic emotional effect of the anesthesia, the element of starvation, 
operative trauma, possible hemorrhage and other factors produce a 
definite series of events. These are a preoperative increase of pulse 
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rate a,.d of systolic blood pressure, and tall of tl.= d.as to he prcssutc. 
tL is also some Increase of blood sugar and temperature. 

Olcrathe Perioti.-Immediately follorving the beginning of the anes- 
tbes^'Ld during the brs. Uventy-five to tbirtv-five — s, tta ope a- 
tive reactions reach a maximum characterized by a rather sha p 
of the svstolic pressure rvith a fall of the diastolic pressure Thus, the 
blood pressure and hence the load on the heart are definitely increased 
Thereafter, there is a gradual subsidence of the systolic pressure and 
a rise in the diastolic pressure with a restoration at the end of operation 
of the pulse pressure to the preoperative level. There is a synchronous 
increase on the part of the pulse, which rises sharply during the earl} 
part of the operation and usually falls toward the end. The total white 
cell count increases soon after the incision is made and continues to 
rise during the operation and the postoperative period. There is a char- 
acteristic behavior of the leukocytes, as shown by the differential count 
in which, during operation, there is a striking mononucleosis character- 
ized bv a sharp increase in the percentage of mononuclear cells. 
Simultaneously there occurs a marked decrease in the percentage of 
polymorphonuclear cells. Following the peak of the operative reaction, 
there is a striking reversal of the picture. The mononuclears fall to a 
point well below the preoperative level. A continued decline in the mono- 
nuclears and an increasing rise in the polymorphonuclears occur during 
the postoperative period. The blood sugar increases just before and 
during the operation, ^^'e also find an elevation of the rectal tempera- 
ture which, together with the increase in blood sugar, is sustained and 
persists for a time during the postoperative period. These reactions 
briefly described as occurring during operation are reproduced in a 
remarkably parallel manner before operation by the hypodermic admin- 
istration of epinephrine hydrochloride. A remarkable similarity is 
noticed in comparing the behavior of all the reactions manifested during 
the operation with those that can be produced by the administration of 
epinephrine hydrochloride. The differences are largely of degree and 
not of general character. So striking is this parallelism that it has 
■H-emed to us warranted to believe that the characteristic clinical reactions 
\\hich are produced by thyroidectomy for hyperthyroidism are caused 
>} h} persecretion of epinephrine resulting from stimulation of the 
^uprarenal glands. This hyperactivity of the suprarenals is secondarr* to 
the d,sturbmg_efiect of emotion, apprehension, pain, conscious or Sub- 
conscious manipulation, anesthesia, trauma and all the other factors that 
comprise a major surgical procedure. 

A\c are not at this time considering the means of obviatincr these 
disircssing and at times dangerous operative reactions Crile h.T'^ fa 
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suigical means foi completely neutralizing or at least greatly minimizing 
the effect of suprarenal activity during operative procedures. Thyroidec- 
tomy in the case of the highly toxic patient suffering with hyperthy- 
roidism would then be less of an ordeal and the postoperative period 
would be comfortable and even safer than it is at the present time. 


CONCLUSIONS 

Critical studies of the clinical responses of patients with hyperthy- 
roidism during the operation of thyroidectomy indicate that a number 
of characteristic reactions are provoked by such operative procedure. 

The operative reactions observed in the patient with hyperthyroidism 
have been approximately duplicated in character and degree by a small 
dose of epinephrine hydrochloride subcutaneously administered to the 
same patient several days before operation. 

The similarity of the operative reactions and the responses to the 
Iwpodermic injection of epinephrine hydrochloride in the same patient 
indicate that the former are the result of increased amounts of epineph- 
rine liberated from the suprarenal glands which have been abnormally 
activated by the various factors comprising the operation. 

The manifestations of suprarenal activity which are observed in the 
clinical reactions before and during thyroidectomy for h3'perthyroidism 
include tremor, throbbing, flushing, perspiration and sharp increases in 
both the systolic blood pressure and the pulse pressure. There are also 
a marked increase in pulse rate, an increase in blood sugar and an eleva- 
tion of body temperature. Furthermore, there are a striking leukocytosis 
and a marked change in the differential count. There is a definite 
mononucleosis which begins just before the administration of the anes- 
thetic and continues to increase to a maximum reached in from thirty-five 
to forty minutes. Synchronous with this absolute and relative increase 
in the mononuclear cells, there is a sharp fall in the percentage of 
pol)’morphonuclear cells. After these maximal changes during operation, 
the picture is reversed ; a sharp fall in the percentage of mononuclear 
cells occurs with an abrupt rise in the percentage of polymorphonuclear 
cells to the end of the operation and even beyond. All the operative 
reactions in the patient with hyperthyroidism were similarly brought out 
by the administration of epinephrine hydrochloride to the same patient 
several days previous to operation. 

It would appear accordingly that as a result of thyroidectomy for 
the relief of hyperthyroidism, there is a liberation of an excessive amount 
of suprarenal secretion. The operative reactions are thus caused by 
the stimulating effect of this increased amount of epinephrine on the 
sympathetic nervous system, which has been rendered hypersensitive 
by the existing hyperthyroidism. 
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TUBERCULOSIS 

Human and Bovine Infection; E.vlrapuUnonary Tuberculosis. 
Chang ^ analj’zed 200 cases of extrapulmonary tuberculosis to determine 
the percentage of human and bovine infections. In the whole group, 

72.5 per cent were infected with tubercle bacilli of the human type and 

27.5 per cent with the bovine type of organism. However, in young 
children the infection was predominantly bovine (71 per cent in the 
age group from 1 to 5). This indicates that milk-borne infection still 
plays a prominent role in the younger groups and that pasteurization 
of milk and tuberculin testing of cattle are still not universal. 

Diagnosis of Surgical Tuberculosis . — ^Blair and Hallman" advocated 
attempting to culture the tubercle bacillus as an aid in establishing 
definite diagnoses. One hundred and fifty specimens of synovial fluid, 
urine, pus. tissue and pleural exudate were studied. One hundred and 
six of the specimens were nontuberculous in origin and 44 were tuber- 
culous. The method of culture was that used by Cooper and Uyei. 
The culture medium was made of crystal violet, glycerin water and 


^ This report of progress is compiled from a review of 176 articles selected from 
29.1 titles appearing in medical publications approximately between Nov. 4, 1933 

.wd March 1, 1934. Only those which seemed to represent progress were selected 
lor review. 

1. Chang, C. S.: New England J. Med. 209:690, 1933. 

2. P.lair. .1. E.. and Hallman. F. A.: Diagnosis of Surgical Tuberculosis- 
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potato. Microscopic tests showed tubercle bacilli in smears in from 
two to four weeks. A culture was usuall}^ positive before the time 
required for the guinea-pig test had elapsed. 

Hcliotlio'opy and Orthopedic Treatment in Surgical Tuberculosis . — 
Rollier “ presented a plea for the treatment of tuberculosis of the joints 
along conservative lines. He dealt specifically with the disease of the 
various joints and described briefly the type of treatment employed 
for each in his clinic. He would rely on the sun and carefully applied 
jdij'sical therapy to develop muscular support to the part, to reform the 
joint and to restore, at least to some extent, the motion of the joint. 
He regarded the cold abscess as a “small laboratory where the 
immunizing bodies were developed.” He would aspirate such an abscess 
only in an attempt to prevent rupture. He would, however, resort to 
operation to secure good drainage of secondarily infected sinuses with 
the hope of preventing amyloid disease. 

PYOGENIC INFECTIONS 

Suppurative Tenosynovitis of the Hand. — In a report on 200 cases 
of suppurative tenosynovitis of the hand from Payr’s clinic in Leipzig 
seen between 1919 and 1932, Deicke ^ stated that most of the cases 
followed insignificant injuries. Cultures were taken only in the more 
severe cases. Of these, 72 per cent showed streptococci and 28 per cent 
staphylococci. The thumb and middle finger were affected in 57 per 
cent of the cases. Increased frequenej'’ of the lesions during summer 
and autumn was observed by the author. The thenar space was involved 
19 times and the midpalmar space 35 times. In 61 cases, extension to 
the forearm occurred. In 1 of these, osteomyelitis of the radius devel- 
oped. In 52 cases sloughing of the tendon occurred. With the appear- 
ance of spindle-shaped swellings of the fingers in neglected cases, 
involvement of the bone (16 cases) and joint (6 cases) was suspected. 
In 4 cases, both the bone and the joint were diseased. The wrist was 
involved 4 times. One patient died, and 2 patients were subjected to 
amputation. Ankylosis of the wrist occurred in 1 case. The author 
recommended earty small incisions and the induction of Bier’s passive 
hyperemia. Earl}^ motion was stressed. The results in terms of func- 
tion in cases of synovitis were good in 46.5 per cent, fair in 23.9 per 
cent and bad in 29.6 per cent. In 129, phlegmon results were good in 
30.5 per cent, fair in 17 per cent and bad' in 35 per cent; the mortality 
rate was 8 per cent. The age of the patient influenced the results 
obtained, the poorest results being obtained in the aged. 

3. RolHer, A.; Surg., Gynec. & Obst. 37:220, 1933. 

4. Deicke, H. : Beitr. z. kifn. Chir. 158:461, 1933. 
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N„,.,„icra,lous Atscc.s of the Peoae ilttsdc 

TSp adco;,..,-. 

incrased lumbar lordosis and Sever all pointed to tlie site of the lesion. 
The outlines of the psoas muscle might be changed m the rocnlgcno- 
Imo° Morving asW-ou of pus, drainage by the eutraperitoneal 

route was adnsed. 


^Tk'T'-crtJ'tTTCi 


Rheiamtlsm; CVwkal Experimental Invesligatioii.—Cop<tmtxn^- con- 
sidered the facts that the National Health Insurance had to pay nearly 
20.000,000 pounds per annum to sufferers from industrial rheumatism 
and that 6,000,000 weeks of work were lost annually on account of the 
same condition Avere ample justification for a strenuous national cam- 
paign against the “captain of crippledom.” He outlined a compre- 
hensive scheme, and, in vindication of an active instead of a “defeatist’s ’ 
attitude toward the diseases, cited the figures of the Petro Place Clinic 
for Rheumatism, which showed 18.6 per cent cures and 54.8 per cent 
improvements after treatment. 

Development of Nenro- Arthropathies . — Alajouanine and ilauric ‘ 
called attention to the fact that close observation, clinical and roentgeno- 
logic, of patients with neurologic diseases (particularly tabes and 
syringomyelia) revealed not only little known aspects of the arthro- 
pathies but also a recognizable prearthropathic state. The latter con- 
sisted of localized bony overgrowth simulating hypertrophic arthritis or 
a definite atrophy of the substance of the bones. The tarsal joints, 
fingers and great toes were the most common sites for these seldom 
recognized arthropathies. Clinically, they Avere accompanied bv what 
the authors called a pseudo-infectious condition. The tissues were 
swollen, hot and cyanotic, with dilated veins suggesting a deep sepsis. 
Xo treatment was suggested, except that 1 case was reported in which 
arthropathy of the midtarsal joints was remarkably improved bv peri- 
arterial sympathectomy. 


Sacro-Uiac Arthritis. — ^Willis® studied a large number (1,559) of 
Iniman skeletons. 96 of which showed bony ankylosis in one’ or both 
tacrciliac jmms. He felt that these were brought about bv one of two 
ways: smooth calcification of the anterior common ligament or bv 

irregtihr I,,,,, mg of the periphery of the joint. Of specimens of the 
1. . type, there were 19. with an average age of 45.9 years ; of the latter 
with an average age of (v years. In 67 specimens, the 

Kl.-ipch. F.t Dcitr. z. klin. Chir. 158:171 1933 
W. S. C.: J. State Med. 41:476. 1933. 

V \v-nr“''T' ' ^' = 1537, 1933, 

*• Surg.. Gyncc. & Obst. 57 : 147 , 1933. 
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aveiage age of which was 57.3 3'’ears, there was a combination of the 
two types. Four pelves sliowed congenital obliteration of the joint. 
“The bone and joint changes were in direct ratio to the mechanical 
stress of the upright position.” In persons jnore than 40 years of age, 
lipping of the axial skeleton and acetabulum was practically universal, 
and increased with age. 

NEOPLASMS 

Radwsensifivity of Tmnors. — Space does not permit complete 
reprinting of this editorial ® as a whole. It presented an excellent sum- 
mary of the present knowledge on the radiosensitivit}^ of tumors, how- 
ever, and should be read in its entirety. Some points that were brought 
out were: 1. Radiosensibility of tumors is no accidental attribute but 
an expression of all structures as well as parent tissue. 2. Location of 
a tumor, particularly in bone or fat, renders it radioresistant. 3. Tumors 
develop resistance to both roentgen rays and radium. 4. The degree of 
malignancy has little to do with radiosensibility. Differences in reaction 
become clear when it is remembered that there are similar differences 
in normal cells. Sensitivity seems related to the natural life c^xle of 
the cell. Finall}^ the standardization of dosage and the artificial increase 
in radiosensibility are reviewed. 

Residts of Irradiation in Treatment of Operable Osteogenic Sarcoma 
of Long Bones. — The controvers}'^ over the method of treatment of 
osteogenic sarcoma without demonstrable metastasis has long raged. 
Coley, after a review of his own cases as well as those in the Registry 
of Bone Tumors, concluded that there was a growing number and an 
increasing percentage of five year cures in spite of pessimistic reports 
to the contrary. He reported 33 five year cures. The treatment of 
choice was amputation without biopsj^ or preoperative irradiation. Post- 
operative irradiation also probably was useless, but the use of erj'sipelas 
and prodigiosus toxins (Cole)"’s) postoperatively was beneficial. Endo- 
thelial myeloma (Ewing’s tumor) responded best to irradiation and the 
toxins used simultaneously. 

SPINE 

Ghormley stated that many cases of pain low in the back were due 
to pathologic changes in the articular facets. These changes could often 
be shown I'oentgenographically by oblique lateral views of the spine. 
Treatment of pain of this type should be essentially conservative, but 
nevertheless there were certain indications for operation. Ghormley 

9. Radiosensitivity of Tumors, editorial, J. A. M. A. 102:619 (Feb. 24) 1934. 

10. Coley, W. B.; Eadiology 21:318, 1933. 

11. Ghormley, R. K.: Low Back Pain, with Special Reference jo Articular 
Facets, with Presentation of Operative Procedures, J. A. M. A. 101:1773 (Dec. 

1933. 
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enumerated the conditions, some or all of which should be satisf^l 
beC operation was recommended: (1) persistent or recurrent attars 
of pain Lr a period of months. (2) pain localized to a definite area, 
(3? narrowing of the intervertebral disk, (4) changes in the in er- 
vertebral articulations and (5) examination of the central nervous sy - 
tem with negative results. It was not possible to select those patient, 
whose trouble lay solely in the facet; therefore a lumbosacral fusion or 
excision of the lumbosacral articular facets was performed. 

Eulargemcnt of Mcrvertebral Disk Associated zvifh DccalcificaUon 
of Uie Vertebral Body.-Moffat'^ suggested that the enlargement of 
the vertebral disk seen frequently with pathologic fractures was due to 
simple hypertrophy of the disk and not to rupture of the nucleus. Five 
cases were reported to substantiate his claim. 


SCOLIOSIS 

Removal of Vertebral Bodies iu the Treatineut of Scoliosis . — ^\'on 
Lackuin and Smith removed a vertebral body in each of 10 cases to 
correct scoliosis. In S, the scoliosis was caused by a hemivertebra; 
in 5 others, the cause of the scoliosis was unknown. They found that 
removal of a dorsal vertebra was not practical because of hemorrhage 
and shock. The lumbar vertebrae were removed in two stages, the 
technic of which was described. The age of the patients varied from 
1^ to 22 years, the average being 11 years. The authors felt, how- 
ever, that the operation should not be done on a person less than 
6 years of age. Removal of the vertebra was in each case followed by 
spinal fusion and correction of the curve by means of plaster of paris 
jackets. 


CIRCUL.VTORY DISTURBANCES OF THE EXTREMITY 

Thrombo-Angiiiis Obliterans. — Samuels^'* discussed the general 
treatment of this disease based on experience with about 300 cases. 
Twelve cases were reported in detail. He stated that except in rare 
instances (less than 1 per cent) amputation rvas not indicated Treat- 
ment consisted of : (1) rest in bed with the limb constantly horizontal 
(-) prohibition of tobacco, (3) intravenous injections of hyper- 
tonic sahne solution (from 2 to 5 per cent) in doses of 300 cc even' 
other day. depending on the severity of the case, and (4) surgical 
cleanliness ot the affected areas with the application of anesthetic oi^- 


n. Moftat. B. W.; J. Bone & Joint Surg. 15:705, 1933. 
von Lacknm, H. L., and Smith, A. De F.: Surg., Gynec. 

i-lKnences ’lo) F'^cther 
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ments in the painful stage. Samuels believed that sympathectomy and 
ganglionectomy had no place in the treatment of this condition. 

[Ed. Note. -There is much still to be learned concerning the 
peripheral circulatory disorders. This report, if confirmed by others, 
would suggest that less radical therapy was indicated.] 

Topical Diagnosis of Embolism of the Extremities. — Paresthesia, 
pain, coldness, pallor and anesthesia for small movements and muscular 
palsies were the usual signs, according to Dick,^= of local ischemia, but 
these signs did not permit the localization of an embolus in the extremity 
because of the development of collateral circulation. Occasionally local 
pain might be felt on the lodgment of an embolus. Rarely was the 
embolus palpable, even in emaciated persons. Local tenderness at the 
site of lodgment of the embolus as well as absence of pulsation was 
sometimes of help. Arteriograph}'^ was of value in localizing the embolus 
in 1 case. The poor results in attempted embolectomy were usually 
referable to: (1) repeated showers of emboli occurring in severe cardiac 
or vascular disease, (2) an embolus that was allowed to remain in place 
so long that thrombi extended from it into the smaller vessels owing 
to injury of the vascular intima and (3) often difficult localization of 
the point of vascular occlusion. 

INTERNAL DERANGEMENT OF THE KNEE JOINT 

Osteochondritis Dissecans . — ^After describing some cases of osteo- 
chondritis dissecans, especially those in which the knee joint was 
affected, Fairbank discussed the various theories of causation which 
have been advanced to explain this condition. He came to the con- 
clusion that trauma alone could explain all cases satisfactorily. The 
mechanism of the trauma, in the case of the knee joint, was taken to 
be a violent rotation inward of the tibia which drove the tibial spine 
against the inner condyle of the femur. 

[Ed. Note. — The editors believe that the etiology of osteochondritis 
dissecans is more complex than this article would lead one to believe. 
There is equally good evidence for an embolic theory of causation.] 

Diagnosis and Results of Injuries of the Meniscus. In 134 
arthrotomies performed at Schloffer’s clinic at Praha, Spira found 
84 injuries of the menisci. Most of the cases were traumatic in origin. 
The meniscal lesions observed at operation were : tear of the anterior 
horn, 11 times; tear of the posterior horn, 9 times; longitudinal tear, 

6 times; “bucket handle” tear, 14 times; transverse tear, 15 times; 

15. Dick, W.: Beitr. z. klin. Chir. 15S:481, 1933. 

16. Fairbank, H. A. T. : Brit. J. Surg. 21:67, 1933. 

17. Spira, K. ; Beitr. z. klin. Chir. 158:1517, 1933. 



KUHiVS ET JL.-PROGRESS IN ORTHOPEDIC SURGER\ 

displacement of the anterior horn, 1+ times, and indefinite 
4 times In the patients reexamined (postoperative period no gu )• 
an excellent result was observed in 72.1 per cent, a good result m 
22.4 per cent and a poor result in 6.6 per cent. 


THE FOOT 

Manipulative Treatment of Painful Feet— That manipulative treat- 
ment, followed by exercises to maintain and improve the flexibility and 
strength of the feet, brought about a cure in 83 per cent of cases of 
“chronic foot strain” was stated by Wiles.^® The joints most commonly 
affected in the first instance were the inidtarsal joints, but in late cases 
it was sometimes impossible to find the primary site of strain and 
formation of adhesions. Certain cases of chronic arthritis were suitable 
for manipulative treatment, but considerable care had to be exercised 
in selection. The manipulative technic advocated was described. 

[Eo. Note. — Forceful manipulations for disabilities of the foot, an 
extremely popular procedure by certain cultists and physicians, is 
fraught with considerable dangear unless careful selection of cases is 
made. The cases which respond most favorably to this procedure are 
rigid flattoot without too great bony distortion and early arthritic 
deformities when extensive ankylosis has not occurred. Manipulation 
must be followed in every case by apparatus to maintain temporarily 
the corrected position and by prolonged exercise to regain strength. 
In the feet in which marked bony deformation has occurred, plastic 
operations on the bone should be the therapy of choice.] 


illSCELLAXEOUS 

Avthropueumoroentgenography. — ^In a well illustrated article, Ober- 
liob.cr " described his experience with visualization of joints. In his 
hands diagnosis of most internal derangements could often be made 
accurately by this method. 

Scrum Treatment of Gas Edema.— Lbhv believed that there was 
evidence of definite clinical value of the German serums used in the 
prevention and treatment of gas gangrene. He felt that a multivalent 
serum should be used since of the many strains of Bacillus welchii 
mown all were pathogenic. The immediate intramuscular injection of 

scrum m large amounts was advocated since the spread of the infection 
was a matter of hours. 


IS. Wiles, p,: Brit. M. I. 2:563, 1933 
19. 0!^hd.er. J.: Beitr. z. Win. Chir. 158:113, 1933. 
I-ohr. W.; Beitr. z. uin. Chir. 158:571, 1933. 
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Rupture of the Quadriceps Tendon. — Lenormant and Olivier-^ 
found rupture of the quadricejis tendon to be comparatively rare. The 
mechanism of such injury was a severe muscular effort to regain the 
upright position when the knee was suddenly flexed. The patient 
might fall onto the knees, but the rupture was due to the pull of the 
muscle and not to a direct blow. Certain predisposing causes were 
found which accounted for the frequency with which the lesion was 
bilateral. Rupture occurred in patients over 40 years old. Diabetes, 
chronic arthritis and arteriosclerosis were possible factors. It was seen 
associated with calcified deposits in the quadriceps tendon. Treatment 
consisted of operative repair with catgut or fascia and early mobilization. 
Age was no contraindication to operation as repair could be done under 
local anesthesia. The results were uniformly good. An interesting 
comparison was made with the results in a series of 85 cases in which 
no operative treatment was used. These results were : good, 34 ; poor, 
35, and bad, 16. 

ORTHOPEDIC OPERATIONS 

Hip Fusion Operation. — Chandler -- described an operation using a 
massive graft from the trochanter and upper end of the femur, similar 
to that of Hibbs. The approach was by a long vertical-lateral incision 
through the gluteus medius, tensor fascia lata and vastus lateralis. 
Heavy osteoperiosteal flaps of cancellous and cortical bone were reflected 
from the anterolateral and posterolateral aspects of the trochanter. A 
long massive graft, including the great trochanter, the distal lateral 
aspect of the neck and the upper end of the femur, was cut out and 
turned end for end. The upper end of the graft was inserted into a 
recess in the ilium made by elevating a flap of the outer table. The 
distal end of the graft lay in the groove from which it was removed 
and was covered by the osteoperiosteal flaps which fell back over it. 

Extra-Articular Bone Graft Treatment for Tuberculosis of the Hip 
Joint with Especial Study of P7'imary Failures of Fusion. — Haas"® 
studied the results in 50 cases of extra-articular fusion of the hip for 
tuberculosis in children. The average age was 7 years. Six patients 
presented sinuses at the time of operation, but only 1 failed to heal 
during convalescence. The average duration of the disease was 
4.3 3 ^ears. Forty per cent, or 20 patients, required more than one 
operation. Conditions which favored fusion were: (1) chronicity and 
quiescence of the disease, (2) approximation of the trochanter to the 
acetabulum, (3) little motion in the hip and (4) absence of abscess 
or sinus at the time of operation, although the presence of these did 

21. Lenormant, C, and Olivier, C. : Presse med. 41:1561, 1933. 

22. Chandler, F. A.: J. Bone & Joint Surg. 15:947, 1933. 

23. Haas, S. L. : J. Bone & Joint Surg. 15:743, 1933. 
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not necessnrllv mean <Hsasler. The rontine ... .nn. 

SapsT to= <lo.v„ tron. the ilium .o l.enve.-n -In' 

femur, unless failure of fusior. eras m«.cif.ale.l. m uI.kI. u. .■ 

osteoperiosteal graft teas also taken from the ulna. 

£.riro-.4rtir„/or .Wl.ro*,* n/ Kn- .S-;.««Hrr._NVa,s..u ■ 
that a solidly artlirodcsccl jomt tvn.s the hest eml-resul o 
h, tuberculosis of the shoulder Jomt. lie hrhcve.f th.u ,ln ....... 

articular nttthod teas best in these cases and .leviseil a m v. 
tvhich had yielded excellent tcsillts in the .1 cases he reiwrted. “"a'’-'' 
a straight incision over the joint ol the shonhivr tl\v {Ivltoul jnuH' i 
removed subperiosteahy from its entire origin nnd tnrm-il dmvnv.arti. 
The cortical layer of bone was removed from the whole acrunnon 
process. Without opeiring the capsule, a hone flap inchuling the grt vitf r 
tuberosity was levered out without breaking it »rr>m the iuiun tu’-. 
Partial osteotomy of the clavicle was then ^xirformed uii'ler it*- I'litf r 
end. and the spine of the scapula was also partially fractnrid at a 
similar level. This allowed the acromion to he depresseil far enomgh 
so that it was securely wedged beneath the Ha)* of hone raisnl from the 
humerus on abduction. The wound was closed in layers nnd the ;irni 


immobilized in a plaster spica. 

A Nczl’ Method of Arthrodesis of the Shattldrr Jnii ;!. — llrett •' 
pointed out that though bony union resulted, in many c.ascs the re.'-iilt 
in fusion of the shoulder joint was unsatisfactory because of loss r>i 
the angle of abduction during the period of innnoiiilization. lie 
attributed this to faulty scapular fixation. I-le advocated, in addition 
to the usual arthrodesis (removal of cartilage from the gleitoid and 
head of the humerus), apposition of the acromion to the great tuber- 
osity and fixation of the humerus and scapula hy a dowel graft driven 
through the head of the humerus and into the glenoid and the ho<ly of 
the scapula. He relied on this graft to maintain the desired abduction 
until union was solid. Excellent results were obtained in 2 cases. 

Spinal Fusion by Simplified Technic. —Hamy and Geist =''■ advocated 
spinal fusion by “feathering” the laminae with a sharp hand chisel and 
gouge, thus avoiding the use of a mallet. In addition, the sjhnons 
processes were broken down, and a mass of small bone chips removed 
from the tibia was placed over the bony bed. Good results were 
obtained in /5 cases by this method. 


[Ed. Note.— This method was similar to that used at the Mass-i- 
graft ,vas preferred to bone chips, and ,hl 


24. Watson, J. R.; J. Bone & Joint Surg. 15:862, 1933. 

-5. Brett, A L.: J. Bone & Joint Surg. 15:969, 1933. 

26. Henrj-, M. 0., and Geist. E. S.: J. Bone & Joint Surg. 15:622. 1933, 
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mallet was used over the spine. One of the editors has avoided if 
possible the use of the mallet on the spine in children, thus diminishing 
shock.] 

Operative Treatment of Sacro-IUac Disease. — Harris reported the 
results of sacro-iliac arthrodesis in 67 cases. The diagnosis of sacro- 
iliac disease was made in 296 cases, i. e., 67.5 per cent of all cases 
examined in which there was pain in the lower portion of the back. 
Operation was advised but refused in 45 cases, and was not advised in 
201 of the 296 cases. The average age in the cases in which operation 
was performed was about 33 years. The average time of palliative 
treatment before operation was done was 4.6 months. The Smith- 
Petersen technic was used. The value of the roentgenographic diag- 
nosis in sacro-iliac strain, except to rule out disease, was questioned. 
The results in the 67 cases were as follows : freedom from symptoms, 
46, or 68.6 per cent; partial relief, 12, or 17.9 per cent; no relief, 2, or 
3 per cent; unable to trace, 6, or 8.9 per cent, and dead, 1, or 1.5 per 
cent. Fusion was done in 3 cases a second time because of persistent 
S 3 nTiptoms. At operation the grafts were found solid, and though the 
-patients got well, no cause was found for the persistent symptoms. 
Harris advocated fusion by the Smith-Petersen technic for tuberculosis 
of the sacro-iliac joint, as well as for cases of persistent strain. 

Amputation Through the Lower Third of the Leg for Diabetic and 
Arteriosclerotic Gangrene. — Smith -® described the technic for ampu- 
tation in the lower part of the leg for arteriosclerotic and diabetic 
gangrene and reported illustrative cases. The stumps were drained, the 
drain being removed without taking down the entire dressing. Too 
frequent dressings were discouraged. He preferred to avoid the guillo- 
tine amputation since the stumps following this procedure were often 
slow in healing, frequently developed osteomyelitis in the end of the 
bone and at times were painful. The author would also avoid the 
Gritti-Stokes operation, trying as often as possible to preserve the knee 
joint. 

Recurrent Dislocation of the Patella. — Cole and Williamson listed 
the predisposing factors in recurrent dislocations of the patella as 
follows: (1) genu valgum, (2) underdevelopment of the lateral femoral 
condyle, (3) relaxation of the medial capsule and other patellar attach- 
ments and (4) abnormal lateral displacement of the tibial tubercle. 
Operative procedures were divided into three groups : ( 1 ) those directed 
toward tightening and reenforcing the relaxed structures on the medial 

27. Harris, C. T. : J. Bone & Joint Surg. 15:651, 1933. 

28. Smith, B. C. : Amputation of Leg Through Lower Third of Leg for 
Diabetic and Arteriosclerotic Gangrene, Arch. Surg. 27:267 (Aug.) 1933. 

29. Cole, W. H., and Williamson, G. A.: Chronic Recurrent Dislocation of 
the Patella, J. A. A. 102:357 (Feb. 3) 1934. 
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side of the patella, (2) those attcmpliiu: to ; 

and (3) those that raised the lateral^ lenv.ral 

iTsed AYcre fascial transplants in the lirsl i^rnn)) .ran'-] 

tibial tubercle in the second group and raising th.- 

the lateral condyle in the third groiii>. 


VKAc.Tv:in'.s 

The Abduction Method, Considered os the hx/'onn-.t at o ! re.:!r .. ... 
for All Forms of Fracture at the Hip in Accord :m!h Sn^ruo. 
■|,;p^._\Vhuman discussed the methods of ire;unu; ir-finK ■ y ' 
neck of the femur, including the abduction ( Whiimaui nan.i<-:. i:.- 
methods of traction and those of internal fixation, lie tf...y ne 

the average patient and for the aYcrage fracture I'.f tin- t;.] ' » 
can be no alternative for the abduction method.” and tliat ace- dr.-.n to 
statistics union of the medial fracture was obtained in about fta i-- r a r-t 
of cases in which this method of ircatment was U'cd. '1 he failntf m 
35 per cent were due either to detective treatment or to inc.-.j'-rc!:;- :■<; 
repair. The former should be treated by o]K'n ojvera.tioe., mid tin- !.att< t 
by the reconstruction jiroccdurc. 

Treatment for Fractures of the Neck of the }-emur. — l.rmlbi tte: •' 
advocated for fractures of the neck of the femur maiund clo'dl rc'ir.c- 
tion with the patient under a general aneslhc.sia and fixation in I'la-ler 
for from ten to twelve weeks. Tlie niatiijiulation <U--crib'.-il by tin- 
author consisted in flexion of the thigh and knee to a right angle with, 
traction on the femur in its long axis with the thigh -lightly abducted;. 
The leg was then internally rotated 45 degrees and then -lowly circtnn- 
ducted into extension, abduction and internal rotation maintaining the 
traction during the maneuver. He felt that extreme abduction and; 
internal rotation as recommended by Whitman gave less satis factor v 
apposition of the fragments than a position of slight internal rotation 
and abduction. If reduction was satisfactory, the leg would maintain 
internal rotation when supported at the heel alone. He aiiplied a plaster 
spica with little padding at the pelvis aitd none on the leg. He stressed 
the general care of the patient. In 31 cases. 22 patients (70.9 ]kt cent l 
obtained bony union and 9 (29 per cent) obtained fibrous union. There 
were 4 deaths (12.8 per cent). 

[Eo. XoTE.~The attack on this difficult problem is unrcmitiim' 
Accurate reduction and complete fixation of the fracture, with careful 
attention to the patient’s general health, are the important factors The 


30. Whitman, R.: Am. J. Sutg. 21; 335, 1933 

31. Leadbetter, G. W.: J. Bone & Joint Surg. 15:931, 1933. 
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Delayed Appearance of Deformity in the Vertebral Body Fractures. 
--Feaster ' discussed fractures of the vertebral bodies which were not 
visible in the roentgenogram at the time of injury but which became 
so after an undetermined interval of a few weeks. He believed the 
trauma, although not disturbing the homogeneity of the bone, was suffi- 
cient to disturb nutrition and to weaken the bone, and later to allow 
more or less collapse or wedging.” This sequence of events was 
common enough to make roentgenologic reexamination of the spine 
after an interval of from two to three weeks a routine measure in all 
cases in wdn’ch discomfort persisted. This type of case could result 
from slight trauma and probably constituted so-called “Kiimmell’s 
disease.” 

Fractures of the Spine. — Watkins,®* in the treatment of spinal frac- 
tures, advocated the more “ph 3 'siologic” treatment which briefly con- 
sisted of immediate manual reduction followed by the application of a 
plaster jacket in hyperextension. The jacket was split and physical 
therapy started in six days. Active exercise of the erector spinae 
muscles Avas considered most important during convalescence. In eight 
Aveeks the patient Avas alloAved up Avearing a brace, and exercises Avere 
continued. It Avas felt that Avithin six months normal actiAuties could be 
resumed. The author did not faA'or operative fusion for treatment of 
such fractures; nor did Atsatt and Wilson Avho discussed the paper, 
and Avho also adA^ocated correction of the general body mechanics Avith 
a Au'eAV to eliminating permanently the element of strain as a result 
of the injury. 

Isolated Fractures of Articular Processes of Dunbar Vertebrae . — ■ 
Mitchell reported 5 cases of fracture of the articular processes in the 
spine. All Avere produced by a direct bloAv on one side of the spine. 
Very clear, localized roentgenograms were necessary to demonstrate 
the fractures. The author felt that if symptoms persisted at the end 
of three or four months and if there was no roentgen evidence of union, 
spinal fusion and removal of the loose fragments should be done. He 
also felt that this injury occurred much more frequently than Avas evi- 
dent by the routine roentgenograms of the spine and that such injury 
might account for many persistent backaches after injuries Avhich Avere 
attributed to adhesions, faulty posture or even neuroses. 

Application of Steel Splints to Bone.~An article by Reinhold*-' 
cannot be abstracted without the reproduction of diagrams and photo- 
graphs. It is important, hoAvever, because it may offer a solution to the 

32. Feaster, 0. O. : Delayed Deformity in Vertebral Body Fractures, J. A. 

M. A. 102:598 (Feb. 24) 1934. 

33. Watkins, J. T. ; California & West. Med. 39:246, 1933. 

34. Mitchell, C. L.: J. Bone & Joint Surg. 15:608, 1933. 

35. Reinhold, P.: J. de Chir. 42:374, 1933. 
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by the fact that drill 

not properly centered through the holes m the bone plat«. 1 Itc au ho: 
advised an ingenious guide n-hich is scrcNved onto the bone plate. 
Through this guide the dull holes are bored and the screws nrscrtcd 
The apparatus is simple and not cumbersome. Special screws and 
plates are necessar)-, but they are of such type that they can easily be 
standardized. 

PATHOLOGY 


Clinical Significance of Structural Transformation Zones in hones. 
— ^Transformation zones described by Loose in pathologic bone as in 
rickets and osteomalacia had been found by \\ alter in normal hone 
which had been exposed to repeated mechanical trauma. Particularly 
marked changes occurred if the stresses were bending stresses. Tlic 
author suggested that the so-called S}Tnpathetic lesions of the bone were 
probably to be explained on the basis of mechanical stress. In his 
opinion, the so-called aseptic necroses also fell into this group. 

Tissue in Gas Gangrene. — Suder-Plassman studied the muscular 
lesions in a fatal case of gas gangrene. He described and showed very 
well in photomicrographs the edema of the perimysium and the nuclear 
changes with chain formation, chromatolysis and pyknosis. There was 
edema of the perineurium with retention of the axis-cylinders and early 
involvement of the motor end-plates. The capillaries showed a peculiar 
corkscrew-like angulation. Eventually disintegration of the muscle 
fibers was observed with formation of “Bowman’s disks.’’ 


RESEARCH 

Healing of Fractures and Bone Defects After Venous Stasis.— 
Experiments were performed on 24 dogs by Key and Walton to 
detennine whether venous stasis helped or hindered bonv union. The 
ulna was chosen rather than the fibula, as the latter was small and 
covered with muscle attachments and therefore unsuitable. In 12 dogs 
the ulnae were divided with an osteotome, and the veins draining that 
area were ligated on one side. The veins were ligated immediately in 
6 dogs and after a week’s interval in the other 6 dogs In 12 do^s 
O.a cm. of the ulna was resected, and the veins were ligated similarh- 
to those m the first group. Ligation caused marked congestion and 


tv alter, H.: .^rdi. f. klin. Ch!r. 178:116, 1933. 
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swelling lasting for two weeks. Their results were in marked dis- 
agreement with Pearce and Morton.*” The gross specimens, microscopic 
slides and roentgenograms showed no difference in healing between the 
ligated and the unligated sides. 

Stmiics of ImmohiUcation of Normal Joints.~ln an effort to study 
the effect of immobilization on joint cartilage, Ely and Mensor fixed 
the ankle joints of 4 dogs in plaster of paris for periods varying from 
one to three months. Definite degenerative changes were observed 
both inacroscopically and microscopically, the greatest changes occurring 
where cartilaginous surfaces were in closest apposition. The changes 
noted were: (1) close approximation of the articular surfaces, (2) thin- 
ning, irregularit}^ fibrillation and vacuolation, (3) replacement fibrosis 
and (4) encroachment of areolar tissues on the articular cartilage. 

Osteochondritis of the Head of the Femur. — Miltner and Hu 
reviewed the various theories as to the etiology of osteochondritis 
deformans juvenilis of the head of the femur (Legg-Calve-Perthes’ 
disease). Of the suggested causes (infection, trauma, embolism and 
inaldevelopment), they considered that deficiency of blood supply to the 
head of the femur seemed the most likely. They then attempted to 
produce similar pathologic changes in the femoral heads of young 
rabbits and dogs. Interruption of the blood supply through the capsule 
and periosteum of the neck of the femur caused no marked changes, 
but when in addition to this the ligamentum teres was ligated pathologic 
changes developed in the head of the femur similar to those described 
in human osteochondritis juvenilis. 


[Ed. Note. — ^Again the importance of vascular changes in the pro- 
duction of pathologic changes in the joint is demonstrated in animals. 
The missing link is the proof that such vascular changes occur, and the 
explanation of the mechanism of their production in the typical, clinical 
case.l 

Experimental Investigations as to the Immunobiology of Bonc^ 

Marrow. While trying to produce organotropic strains of streptococci 

and staphylococci in the fashion of Rosenow, Erb observed that the 
cultures of these organisms on fresh bone marrow died after a few 
weeks Even the use of boiled bone led to similar results, although not 
quite as striking. He therefore investigated the bactericidal properties 
further. Animals given injections of staphjdococci grown on bone 
marrow lived longer than those given injections of organisms grown on 


39. Pearce, H. E., and Morton, J. J. : J. Bone S: Joint Surg. 13:68 193h 
40 Ely L. W., and Mensor, M. C: Surg., Gynec. & Obst. 57:212, 1933. 

41. Miltner, L. J., and Hu, C. H.: Osteochondritis of the Head of the Femur. 
Experimental Study, Arch. Surg. 27:645 (Oct.) 1933. 

42. Erb, K. H. : Beitr. z. klin. Chir. 158:337, 1933. 



WflK ET AL.-PEOGRESE /.V ORTHOPEDIC SCRC.liEV 525 

ote «dmn,s. .jesting that bona " 

of tViP cocci Injury of the bone nlarro^^ b\ roem^ui t 

resulted ^Tnarro^^ ^^hich lost the power of decrcasmg the virulence ot 
staphylococci The author believed that he had dcnion.>tralc )ac 
eSS power of rabbit bone marrow in vitro. It might be that means 
of artificially increasing or lowering this resistance could shed light on 
the genesis of osteomyelitis. 

Delayed Callus Formation from Antiscpiic Treatment of If oimds.— 
Boerema,^" using pigeons and hens, studied the effect of antiseptics on 
the healing of fractures. A 5 per cent solution of tincture of iodine or 
a 3 per cent solution of phenol was kept in contact with the fracture 
ends for three minutes after which the operative wound was sutured. 
A delay in callus formation was obsen-ed, when the antiseptics were 
used, in comparison with normal controls. This retardation in healing 
the author believed due to the effect of antiseptics on the specific bone 
building tissues, the cambium layer of the endosteum and the periosteum. 

Neutralisation of Poliomyelitis Virus. — Southby and McKic,''^ in an 
experimental investigation, showed that while the pooled serums of 
normal adults exhibited a definite neutralizing action for the virus of 
anterior poliomyelitis, this action had only from 30 to 40 per cent of the 
potency of convalescent serum. They also concluded that there was a 
definite immunologic difference between the various strains of virus. 


Infection and Vaccination in Tuberculosis. — The conclusions drawn 
by Heimbeck in his study of tuberculous infection in the commune 
hospital and among the population of Oslo were that allergy to tubercu- 
losis was immunity to tuberculosis and that only a small number of per- 
sons contracted tuberculosis in childhood. Allergy indicated immunity 
whether produced by infection or by vaccination with BCG. Of 168 
nurses vaccinated, 84 became allergic as indicated by the reaction to 
the Pirquet test. Of these 84 nurses, only' 1 contracted tuberculosis. 
Of the other 84 nurses who did not become allergic through vaccination, 
18 later had tuberculous infections. The author advocated repeating 
\accination with BCG until allergy was produced. 

Lymphatic Drainage of Joints.— KvAms,^^ working with rabbits, 
found lymphatics present as abundant small vessels in the articular 
tissues. They were most numerous just beneath the epithelial-like laver 
ot the synovial membrane. The lymphatic drainage of the lower 
extremity w as through the so-called deep lymphatics to the popliteal. 


43. Bocrema. I.; Arch. f. klin. Chir. 176:666 1933 

44. Southby, R.. and McKic, M.: M. J. Australia 2:404, 1933 
-X Hcunbcck. J.: Med. Klin. 29:1731, 1933. 

the Joints, Arch. Surg. 27:345 
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deep femoral and iliac 13'mph nodes. Inflammation in the synovial 
tissues resulted in a decreased ability on the part of the lymphatics to 
a])sorb material greater than molecular size. An apparent obliteration 
of the lymphatic vessels occurred when the inflammatory process was 
sufficiently severe or long continued. 

Expcrhncntal and Clinical Observations on Tonus of Striated Muscle- 
after Sympathectomy in Spastic Paralyses. — Kasumov reported obser- 
vations made on dogs in which a lumbar sympathectomy was followed 
by an operatively produced spastic paralysis. The sympathetic trunks 
were resected from the diaphragm to the first sacral segment on one 
side. Twenty-four da3'S later the anterior motor roots were cut on 
both sides : from the fourth to the seventh lumbar and the first and 
second sacral. The muscle action was studied k3nnographically for 
several months. The muscles were weaker at first on the side on which 
sympathectom3'' was performed, and contractures developed much later 
on this side. S3'’mpathectomy was performed on 18 children with spastic 
paralysis. Six showed considerable improvement, 9 slight improvement. 
The author believed sympathectom3’’ was of value in weakening muscular 
rigidity. He advised its use in conjunction with other therapeutic 
measures. 


47. Kasumov, G. : Sovet. khir. 4:503, 1933, 
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Pentobarbital sodium, because ol the rapidity with which sedation 
or hypnosis occurs^after its oral administration and the short duration 
of its action owing to its rapid destruction in the body, appeared to be 
one of the most promising of the newer fixed hypnotics for jireancsthctic 
medication from both an experimental (Fitch, Waters and ratumO 
Barlow, Duncan and GledhiU;- Kleindorfer. 1932) and a clinical stand- 
point (Lundy;* Wilcox;^ MagilU). The marked relief from appre- 
liensiveness and the practical absence of disagreeable associated actions, 
such as preoperative excitement and respirator)' or circulatory depression 
when used in effective dosages, suggested a trial of this agent for 
surgical premedication in man. 

The use of pentobarbital sodium in the surgical service of the 
University Hospitals was begun in April 1932. The procedures estab- 
lished by experience have become routine, and this type of premedication 
at the present time is administered in approximately 65 per cent of all 
surgical cases requiring premedication. The present report is based on 
more than 700 records of surgical anesthesia and a detailed study of 
455 records chosen at random from the entire group. The age of the 
patients ranged from 3 months to 81 years. The nature of the operative 
procedures in the series studied, grouped as to region in terms of per- 
centages of the total, are as follows; head, 3.55 ; face, 8.66; neck, 10.21 ; 
chest, 9.19; breast, 6.44; back, 1.78; abdomen, 18.43; pelvis, 22.87, and 
extremities 18.87. The data obtained are considered sufficient to 


From the Department of Anesthesia, the University Hospitals and the Depart- 
ment of Pharmacology-, the School of Medicine, Western Reserve Universitv. 
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f “/ Pentobarbilal-morphme premedfcation 
queiice as to dosage of the hypnotic in relation to age and sex and 
Uie nature of anesthesia produced with different types of supplementary 

esthetics in relation to the type of operation and postoperative 
reactions. ^ 


PKOCEDURE 

The prcnicdication varied somewhat with the nature of the operation, condition 
ot tlie patient and the supplementary anesthetic to be administered. The usual 
seqiicncc_ (m 70 per cent of the series) was as follows: Pentobarbital sodium 
( /i grams [0.09 Gm.]) was administered in a capsule on the evening preceding the 
operation in order to assure a restful night. The following morning, two hours 
before the scheduled time for the operation IK, 2 or 3 grains (0.09, 0.12 or 
O.IS Gm.) of pentobarbital sodium (the dose gaged by the age and condition of 
the patient and the surgical indication) was administered orally. One hour later 
an equal dose of pentobarbital sodium was given orally with morphine ()^ grain 
[11 mg.]) and atrop'we (Yiso grain [0.4 mg.]) hypodermically. The total amount 

Table 1. — Anesthetic StiPpIenients and the Fregiteney zmth Which They Were 

Administered 


Xutnberof Percentage of 


Anesthetic Cases Series 

None 2 0.44 

pocal 90 19.9S 

Local and nitrous o.vlde and oxygen 2 0.44 

Local and nitrous oxide, oxygen and ether S 0.66 

Sacral s i.7T 

Ether (drop) I5 3.31 

Ether (vapor) 16 3.55 

Nitrous oxide and oxygen 24 5.33 

Nitrons oxide, oxygen and chloroform 1 0.22 

Nitrous oxide, oxygen and ether 294 65.27 


of the h)'pnotic administered on the morning of the operation was 3 grains or less 
in 51.3 per cent and more than 3 grains (4)4 to 9 [0.29 to 0.58 Gm.]) in the 
remaining 48.7 per cent of the patients. The optimal amount appears to be from 
3 to S grains (0,3 Gm.). Patients subjected to operation on the thyroid gland or 
the gallbladder reacted better to large than to small doses. Full doses of morphine 
(J4 grain [16.2 mg.]) were administered, usually in combination with small 
doses of the h 3 'pnotic, only when indicated by the condition of the patient or by 
the nature of the surgical case. Approximately one half the patients who were to 
undergo operation on the breast and two thirds of those who were to undergo 
operation on the gallbladder were medicated wdth maximal doses of morphine. 

The observations obtained with different doses of pentobarbital sodium with 
each type of supplementary anesthetic included; the pulse rate, the respiratory 
rate, and the blood pressure before and after premedication, during and after 
anesthesia, the duration of the operation and of the period of postoperative sleep 
(to return of consciousness) ; postoperative nausea ; emesis, restlessness and tlic 
urinary findings both before and after the operation. The respective effects 
morphine (% grain) and of different doses of pentobarbital sodium and morpbme 
(14 grain) on the respiratory minute volumes were determined for a small group. 
The patients were questioned during convalescence as to the presence or a^ence o 
amnesia and their general impressions. The anesthetic supplements and the 
quenev with which they were administered are shown in table 1. 
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The data ^vere tabulated according to sex and type of opcratioij. 
but differed so negligibly (nitl, te 

gallbladder thyroid and cerebral groups) tb t < * i r • i l 

5cXT ore presented as a single group, and have been snl,d,v„lcd 
only as regards^age, dosage of pentobarbital sodium and supplcraentart 
anesthetie. The main group includes all patients vvitlnn the age inn s 
of 18 and 60 years (fig. 1). The smaller groups luc ude (o) age 
below IS, (b) from 18 to 39, (c) from 40 to o9 and (d) more tba 
59 years (fig. 2). The data as illustrated in tlte figures represent 
medians, and with the exception of the time of operation and post- 
operative sleep (in hours) are expressed as percentage changes roni 
the original normal obsen'ations. 


OBSERVATIOXS BEFORE OFF-RATIOX 

On arrival at the operating room (following medication with the 
pentobarbital sodium-morphine sequence), 24 per cent of the patients 
were asleep, 68 per cent were drowsy, analgesic and uninterested in any 
procedure ; the remaining 8 per cent showed some inebriation and moved 
slightly when disturbed. With a total dose of 6 (0.3S Gm.) or more 
grains of pentobarbital sodium patients were invariably asleep. Approxi- 
mately 1 of 5 showed some conjunctival congestion which persisted 
for about one half hour. This reaction is probably comparable to the 
similar condition observed in acute alcoholism, and occurs with regularity 
in animals after intraA-enous injections of the barbiturates (Richter 
and Oughterson ; Barlow ' ) . 

Respiration . — The normal respiratory rate was unaltered by pre- 
medication. Individual observations varied within a range of rt 10 per 
cent (from one to two respirations per minute). The respiratory 
volvune, measured with a Bohr gas-meter before and after medication, 
was reduced slightly by pentobarbital and morphine. The change noted 
uas unimportant and was similar in magnitude to that occurring during 
sleep. Morphine alone in a dose of 1/6 grain occasionallj’’ slightlv 
increased, but usually diminished, the minute volume from 3 to 5 per 
cent. MedicaUou with pentobarbital (3 grains) and morphine (1/6 
grain) resulted in a 2 to 7 per cent depression. Following medication 
with larger amounts of the hypnotic (6 grains) and morphine (1/6 

gram), a decrease in the minute volume, from S to 16 per cent (median 
lU), was noted. 


Pnlsc Rate.— The pulse rate varied within a range of dr 7 5 pei 
cent of normal The majority of changes noted occurred in patient' 
mefiiated lyilb 3 grains or less of the hypnotic, and probably into, 

KowTm? "■ A. W.; J. Pharmacol. S Exper. Thera, 

Barlow, O. \V.; Unpublished data. 
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a slight insufficiency of such doses, 
a shglit rise in pulse rate occurs after 
pentobarbital sodium. 


The median data indicate that 
medication with morphine and 


Blood Presom-r\K blood pressure in the majority of patients 
uas ttnciianged. Horvever, oscillations on either side of normal were 
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Chart 1 . — The data massed according to the anesthetic supplements that were 
used. In all the charts the symbols iVsO, Os AC 0 Oc E, E and L at the top 
represent the anesthetic supplements nitrous oxide and oxygen, nitrous oxide, 
ox 3 'gen and ether, ether and a local anesthetic; the numbers in the second line 
the grains of pentobarbital sodium administered, and those in the third line, the 
number of patients whose anesthetic records are tabulated below. 


observed, usually in conscious patients. If the patients were asleep, a 
decrease was noted. The degree of change was independent of the 
h}fpnotic dosage. Hypertensive patients usually showed the systolic 
change of sleep. The diastolic pressure was either unaltered or rose 
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with a median increase of from 3 to 7 per cent. The diastolic rise was 
most frequently obser\-ed in patients under 40 years of age. and a tali 
of from 5 to 10 per cent occurred in patients more tlian 59 years of 
age. 

Nature of the Anesthesia . — ^Apprehensiveness on the part of the 
patient was rarely encountered following medication with pentobarbital 


V 

W 3X 

X 


fl&ElN TEARS 17017 IJTOS? HOTOS'j 
NiO-Qi- ETHER ANESTHETJO-,n ALL CAS.... 
PENTOBARB.-Oa 3 3 (, L&S iS-IQ 

No.of Patients io no tt. ut ■><: 

TIME iH 
HOURS 

/ 

OFERATION-X 

Sleep- T 

PULSE 
CHANGE 2 j 0 
+/0 

PRE-Ofi-X 
Ou»?fNG*0 
after- a - 10 ' 

SYSTOLIC +,o 

B.P. 

cmmj0o 

WE-OP.-X 
DUSIN&-0 -/O 
after - A 



IT 


1 



dmstolic^oI 

S.P. ' 
f<CHWGEfO, 
PRE-OP.-X I 
DURING-O -//7 
After-a '"I 

HAUSEA-XtoI ^ 

EM£S(5-0 T 

restless- /nl 
ness 
^0 




nr 




1-i 




FREQUEfJCYjo 




D 


ages of the patients. 

>^tep’,'unf„t°resKdT„ Srproadure"’”'"’”'- ' 

induction was uneventful .i ^ cooperative. The oerinr 
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establishment and maintenance of anesthesia, the wider margin of 
safety and the apparent absence of respiratory depression. With maximal 
doses of the hyimotic (from 6 to 9 grains), respiratory depression was 
observed exceptionally. Such reactions were due either to overmedi- 
catiou with morphine ( 3 ^ grain) or to the condition of the patient, i. e., 
secondaiy anemia or a limited pulmonary surface. Under such condi- 
tions nitrous oxide and oxygen mixtures containing higher percentages 
of ox 3 'gen were sufficient to maintain good color as well as surgical 
anesthesia. 

From 85 to 96 per cent of the anesthesias were good, the remainder 
fair. Poor anesthesias were infrequent (less than 0.5 per cent), but 
were most frequently observed with ether as the supplement. Anes- 
thesias with nitrous oxide and ox 3 'gen, when preceded b 3 ^ the adminis- 
tration of morphine and pentobarbital sodium in doses of less than 
3 grains, were somewhat less satisfactory than with from 3 to 
434 grains. So far as age was concerned, patients ranging from 1 to 
39 years reacted equall 3 '^ well; i. e., anesthesia was satisfactory; it was 
somewhat less so with an age range of from 40 to 59 years and least 
satisfactory with aged patients (more than 59 years of age). Patients 
with g}mecoIogical or thyroidconditions (especiall 3 ' aged persons) reacted 
somewhat less satis factoril 3 ^ than other groups to the premedication, 
gas-oxygen sequence. The degree of relaxation obtained in these two 
groups of patients was insufficient, necessitating the use of either maxi- 
mal doses of pentobarbital sodium or the addition of ether to the 
nitrous oxide and oxygen mixture. Nitrous oxide, oxygen and ether 
was the anesthetic supplement of choice for the average patient. 

OBSERVATIONS DURING AND FOLLOWING OPERATION 

Changes in the Pulse Rate . — The median changes in pulse rate in 
the massed age group (from 18 to 60 3 ^ears) observed preoperatively 
(after medication but preceding the administration of the supplementary 
anesthetic), during the course of anesthesia and on return to bed are 
illustrated (by symbols) in terms of the per cent variation from nor- 
mal (100 per cent) in figure 1 B. Similar observations for different 
age groups are illustrated in figure 2 B. 

Nitrous Oxide and Oxygen: The pulse rate increased from 15 to 
27 per cent above normal during the course of anesthesia. The degree 
of rise was greatest with small to intermediate doses and least with 
maximal doses of pentobarbital sodium. The factor of dose does not 
appear significant, however. So far as age is concerned, patients rang- 
ing from 1 to 39 years reacted similarly. Minimal changes occurred 
in aged patients. Postoperatively, pulse rates fell slightly with small to 
medium doses, but rose above the operative peak with maximal dose.s 
The postoperative pulse rate in immature patients (fig. 2) increased 
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maxtaatly and eorreaponded closely to that noted tvilh n-animal 

and Etltet: WHl. s„^. ..k 

hvmotic the pulse rate increased to a smaller decree ( g. ) 
nittons oxide and oxygen. Only young pat.ents P™™ 
tion The differences were not of great significance, ho • 
larger doses of the hypnotic no differences betrveen "" 

meirts were apparent. Postoperatively the pulse rate as a “ 
slightly torvard normal (except in aged patients, in whom a turl 
rise occurred), and \vith maximal doses was within P ixw cent o 

normal. _ , 

Ether; Changes in the pulse rate in adult patients during ether 
anesthesia or postoperatively were unimportant. A ncgligiiilc rise 
occurred as a rule. With young subjects receiving minimal doses of 
the hypnotic and fractions of the adult dose of morphine, the pic- 
operative pulse rate increased 15 per cent, and an equal further rise 
occurred during anesthesia. This maximal level persisted postoperatively. 

Local Anesthesia; The changes in pulse rate noted during local 
anesthesia were moderate, and bore no apparent relationship to the 
h}'pnotic dose, irrespective of age; but no change was apparent in the 
small group of immature patients on whom data are taliulated. Post- 
operatively the pulse rates fell toward normal, and with aged patients 
the terminal values were from 5 to 15 per cent below normal. 

Blood Pressure . — During the course of anesthesia oscillations (espe- 
cially postoperatively) were greatest in the aged, intermediate in the 
young and least in the average group. The qualitative chairge in pre- 
operative systolic pressure bore no relation to the amount of hypnotic 
administered, and was increased, unchanged or decreased. A slight 
fall (from 2 to 5 per cent) was the rule, and differed negligibly as 
to age except in the aged, in whom changes were greatest. The 
oscillations observed may be attributed to individual variation or, more 
probably, to the relative physical state of the patients as reflected by 
their surgical requirements. 

During the course of anesthesia, with all supplements except the 
local, the changes in systolic pressure were similar in direction, but 
quantitatively greater than the accompanying changes in pulse rate 
NVith local anesthesia, the systolic pressure fell, but the degree of 
change was inverse to the rise in pulse rate. Postoperatively the pres- 
sure fell to or below normal, bore little or no relationship to the 
hypnotic dose or to the age of the patients, but increased with the 
-mcral anesthestic supplements in the following order: nitrous oxide 
an oxygen, nitrous oxide, oxa-gen and ether, local, and ether. 

•>,1 PfrasMe varied preoperatively £rom a slight fall to a 

-0 P« ceat ,„r,case: the general picture as indicated by the 
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reaction was a 10 per cent increase. The changes noted were unrelated 
wther to the age of the patients or to the degree of premedication. 
iJuimg the course of anesthesia with either nitrous oxide and oxygen 
or nitrous oxide, oxygen and ether, the general blood pressure increased 
but the diastolic change was greater than the systolic, owing probably 
to the moderate anoxemic factor. Under ether anesthesia the fall 
of the diastolic exceeded that of the systolic pressure. Under local 
anesthesia the oscillations were of greater magnitude than with otlier 
supplements. Postoperatively, the diastolic level fell from the values 
established during anesthesia to a level from 5 to 10 per cent below 
the preoperative figure. The degree of change was usually inverse 
to the degree of change which occurred during the course of anesthesia. 
No clearcut relationship could be observed between the degree of 
change and age, but the fall noted in the group receiving a local anes- 
thesia was of greater magnitude than with the other anesthetic 
supplements. 

Respiration . — Respiratory changes were unimportant. The rate was 
unaltered, although a slight decrease in volume occurred, as indicated 
by the minute volumes. During the course of anesthesia the respiratory 
rate increased from 30 to 60 per cent with a moderate compensatory 
decrease in volume. The changes observed differed insignificantly with 
the several anesthetics, except with the local anesthetics, with which a 
change of from 15 to 20 per cent occurred. The respiratory center 
was sensitive to carbon dioxide throughout anesthesia. Cyanosis 
occurred rarely and was not observed under conditions of proper pre- 
medication. The color of the patient was easily controlled by decreasing 
the percentage of nitrous oxide and increasing that of oxygen in the 
gas mixture. Aged patients showed a greater degree of depression and 
a smaller degree of stimulation during the course of anesthesia than 
younger patients. Postoperatively, respiratory rates and minute volumes 
returned either to normal or to the level of premedication sleep. 

Duration of Postoperative Sleep . — ^The duration of postoperative 
sleep (solid line, section A, figs. 1 and 2) varied widely in individual 
patients, i. e., from a few minutes to ten hours. A rather remarkable 
variation existed in patients of comparable age, sex and general condi- 
tion and subjected to the same operative procedure with the same 
premedication therapy. Lethargic persons invariably slept longer than 
excitable patients. The severity of the surgical procedures, the period 
of operation and the dosage of the h^^pnotic as well as the nature of the 
anesthetic supplement must be considered in explaining the observed 
variations in the time required for the return to_ consciousness post- 
operatively. The surgical procedures and the period of the operation 
as well as the narcotic dosage were for all general purposes constant, 
so that only the anesthetic supplements and the hypnotic need be taken 
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dorauon'of sleep .as forty in, ..os am. 

maximal doses t^vo hours. With a nitrous oxkIc ^ 

suoplement or an ether supplement the same order holds, hut tl 
differences with the three dosages of pentobarbital sodmm are css 
significant. With these two supplements the additional postopcrat 
de^ession caused by the ether per se was apparent, m that the time 
of sleep was shortest with nitrous oxide and oxygen, longer mi i 
nitrous oxide, oxygen and ether, and longest with ether, allhougdi the 
premedication was the same in each case. With local anesthesia the 
patients tvere rarely unconscious when they returned to their room. 
The absence of postoperative depression rvith local anesthesia is jiartly 
explained by the absence of additive depression from the hypnotic and 
anesthetic. In addition, the depression caused by premedication per sc 
was probably diminished as a consequence of the known hypnotic-local 
anesthetic antagonism. 

The amount of pentobarbital sodium required for the production of 
a unit reaction appears to be dependent, primarily, on the general 
condition of the patient and, secondarily, on age. For example, the 
youngest patient (3 months of age) in the series was medicated with 
1 grain of pentobarbital sodium, while a 50 year old patient weighing 
more than ten times as much as the infant received 3 grains. Both 
patients were subjected to the same supplementary anesthetic and 
surgical procedures ivith equally satisfactory results. The observed 
relation between the effectiveness of the hi'pnotic and age, as indicated 
by the period of postoperative sleep is illustrated in figure 2. The order 
of sensitivity from greatest to least w'as: ages 1 to 17, 60 years or 
more, from 40 to 59 years and the group from 18 to 39 years. 

Restlessness . — A few patients of the group of more than 700 receiv- 
ing surgical anesthesia medicated with minimal doses of pentobarbital 
sodium became somewhat excited on arriving at the operating room 
instead of being quieted. Such reactions were exceptional. These 
patients were less cooperative than is normal and responded less satis- 
factorily to local anesthesia. Such reactions may be corrected by the 
production of a slight analgesia with nitrous oxide. Postoperative 
restlessness occurred in a certain percentage of all types of patients 
, % fig. 1). It varied in frequency of occurrence with the hypnotic 
dose administered, but particularly with the type of patient. Apparentlv 
the frequency was somewhat less with moderate than with light doses 
^nd might have been entirely absent with large doses. With the exceo’ 
uoii 01 those receiving ether and local anesthetics, the degree and fre 
queiicy o occurrence were inverse to the duration of postoperath " 

L-c ...loss ...e„ present, .ere pnrpoLess! " d rsIS' 
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III degree from barely perceptible to marked movements which required 
at times either individual care for a few hours or, rarely, actual 
restraint. Morphine administered postoperatively was required by 
approximately one half of the restless patients and effectively controlled 
the reaction. Patients in the gynecological, thyroid or gallbladder 
gi oups were more prone to show postoperative restlessness than patients 
undergoing other types of surgical procedure. 

The fiequency with which restlessness occurred during the post- 
anesthetic stage with different age groups is illustrated in section P, 
figure 2. Athetoid movements were most frequent in subjects under 
18 3'ears of age, decreased in frequency in succeeding age groups and 
were least frequently noted in aged patients. Correlation of restlessness 
with the nature of the supplementary anesthetic indicated that the order 
of frequency from greatest to least was: ether, nitrous oxide, oxygen 
and ether ; nitrous oxide and ox3'gen, and local anesthesia. The reaction 
noted following pentobarbital sodium and local anesthesia differed in 
one respect from that noted with the other supplements. With nitrous 
oxide and 0X3"gen, for instance, the frequency decreased with increas- 
ing doses of h3'pnotic, but with the local anesthetics restlessness was 
absent with minimal doses and gradually increased with increasing 
doses of the hypnotic. Restlessness occurred exceptionally after the 
administration of the hypnotic-local anesthetic sequence in the age group 
of from 3 to 50 3''ears, but occurred in 40 per cent of patients 60 or 
more 3’-ears of age. 

Nausea and Emesis . — These occurred postoperatively in all groups 
receiving supplementar37 anesthetics with the exception of those receiv- 
ing local anesthesia. It appears therefore that pentobarbital sodium, 
independent of the dose, does not produce nausea or vomiting. Emesis 
occurred less frequently than nausea, but occasionally a small amount 
of mucus was vomited in the absence of nausea. The frequency of 
occurrence, although significantly less than that reported by Shaw,® was 
highest with ether, and apparently decreased with the other supple- 
ments as well as with increasing doses of the hypnotic. The frequency 
was somewhat greater in the group receiving nitrous oxide and oxygen 
than in those receiving nitrous oxide, oxygen and ether. This apparent 
paradox is unexplained, but may be related to the duration of post 
operative depression. So far as age was concerned (fig. 2), the fre- 
quency of occurrence of nausea and emesis was greatest in the extremes 
of age and least frequent in the group from 18 to 39 3'ears. 

Urinary An/dnigJ.— Albumin was demonstrable in approximately 
10 per cent of the first postoperative specimens, either voided spon- 
taneously or obtained by catheter, and unless present on admittance 
disappeared after the first convalescent day. The majority of He 


8. Shaw, R. W.: Lancet 2:1435, 1932. 
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clients ^vere females and less than one third of the speamcus rvere 
obtained by catheterization. It is probable therefore that albumnuni. 
occurs less frequently than these data indicate, as le.ss than 4 per ccn 
of the specimens of urine from males were positive for albumin post- 
operativelv. Casts were rarely observed irostopcratively, and when 
present were likewise noted preoperatively. The output of urine was 
reduced proportionately to the intake of water. Retention was appar- 
ently uninfluenced by the sequence of premedication used. 

Period of Amnesia.— Complete amnesia occurred for from 5 to 
8 hours postoperatively in approximately one third of the patients pre- 
medicated with 3 grains or less of pentobarbital sodium. The amnesia 
began from ten to thirty minutes after the administration of the capsule. 
Amnesia was partial; i. e., the inemor}' was confused, in an additional 
30 per cent. No amnesia was observed in the remaining 40 per cent. 
With larger doses of the hypnotic (4J4 or more grains) amnesia was 
complete in 75 per cent of the patients and persisted for from nine to 
twelve hours and, exceptionally, for from eighteen to twenty-one hours 
postoperatively with maximal doses. The remaining 25 per cent had 
an imperfect memory for a period of several hours postoperatively. 
Following medication with from 9 to 10 grains (0.64 Gm.) of the 
hypnotic it was difficult to arouse the patients, who slept from eight to 
sixteen hours after being returned to bed. 

The patients medicated with the hypnotic-narcotic-supplementary 
anesthetic sequence were pleased, having no disagreeable after-impres- 
sions, and being oblivious to any reactions that might occur in the post- 
operative period. From the standpoint of the patients, the most 
pleasing supplemental^' anesthetics rvere nitrous oxide and oxygen and 
a local anesthetic. Ether was least satisfactory. 

OBSERVATIONS OX SPECIAL SURGICAL GROUPS 

Aafiiic of the Anesthesia . — ^The course of anesthesia was somewhat 
less satisfactory in patients in the thyroid and gynecological groups 
than in other surgical groups, in spite of heavy premedication with 
pentobarbital sodium. Poor anesthesias tvere more frequent, and 
greater difficulties were encountered in maintaining an even anesthesia, 
'or the average patient who was to undergo an operation on the thyroid 
gand. the optimal preinedication sequence appeared to be pento- 
tarbital soJiurn from 6 to 7’/, grains, morphine, % grain, and atropine, 
t i„n gram). Nitrous oxide and oxygen constitutes a satisfactoiw sun- 
plement. Aged patients responded less satisfactorily, however.' The 
optimal premedication dosage for patients in the gynecological eroun 
am-arcd to be (ro.n 3 to 4-/, grains of the hypnotif C areslS 
C somewhat more frequent with heavier premedication but 
nreranve rcactione mere ,e» f,e,„en,.y observed Sto 
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small doses of the hypnotic. Patients undergoing operations on the 
gallbladder responded best to from 6 to 73^ grains (0.48 Gm.) of 
l^entobai bital sodium, followed hy morphine, grain), supplemented 
with nitrous oxide, oxygen and ether. Aged patients responded espe- 
cially well to this combination. With smaller doses of the hypnotic 
and full doses of morphine, anesthesia was least satisfactory. The 
efficienc}'' of ether preceded hy from small to moderate doses of the 
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Chart 3.— The data on four special surgical groups, 
tj'pes of surgical procedures involved. 


niassed according to the 


hypnotic was intermediate between the two gas anesthetics used. The 
reaction of patients in' the cerebral group to large doses of pentobarbital 
sodium and local anesthesia tvas excellent. 

Fu/sc Rafe.— The changes in pulse rate (fig. 3) noted preoperative y 
were insignificant in the thyroid, gynecological or cerebral groups. A 
14 per cent rise was noted in the cholecystectomized group. During 
course of the anesthesia or postoperatively, oscillations of the pulse 
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nn crreater ma<^nitude than described for the general type o{ 
casT (fig. 1). Osdllatioirs ^vere significantly greater 
undergoing operation on the gallbladder than in any ' 

During the course oi the operation the pulse rate increascc • 

?0 Tf ^e^tld remained lom 15 to 35 per cent above normal post- 

operatively. . - „ 

Blood Fressure.~Tht blood pressure %Yas little altered lollownng 
premedication, although a decrease of approximately 10 l>cr cent was 
noted with maximal doses. Systolic and diastolic changes were 
parallel. Occasionally a marked fall in blood pressure occurred which 
might have been due to individual susceptibility, in which case the 
dosage would probably have little influence. Such falls arc so exceii- 
tional that the reaction should not limit the use of the method, espccialh , 
as it is not certain whether they rvere due to the drug or to some other 
unrecognized cause. 

Respiraiory Changes. — ^The changes observed in the special surgical 
groups did not differ significant!}* from those described for the massed 
group. The patients in thyroid and gallbladder groups although medi- 
cated rvith maximal doses of the hypnotic, as well as with full doses 
of morphine in the latter group, showed no greater alterations in the 
respirator}' rate than rvere observed in other surgical groups. Patients 
in those groups appeared most resistant or tolerant to heavy pre- 
inedication. 

Period of Postoperative Sleep . — ^Patients rvith hyperthyroidism recov- 
ered consciousness more rapidly than any other type of surgical patient. 
Aged subjects recovered somewhat less rapidly than those in the 
age range of from 30 to 45 years. The duration of sleep differed 
significantly with different anesthetic supplements; i. e., with similar 
premedication postoperatitr’e sleep was at least twice as long with 
nitrous oxide, oxygen and ether as with nitrous oxide and oxygen. 
Patients with g}mecological and gallbladder diseases slept somewhat 
longer than other surgical groups (with the exception of the brain 
group), owing probably to the greater severity of the surgical proce- 
dures. The long sleep following operations on the brain (in the absence 
of morphine) was in contrast to the reaction of other groups medi- 
cated with the hypnotic local anesthetic sequence, since, with the excep- 
tion of the brain group, the period of postoperative sleep was rarelv 
noted as mdependeut of the hypnotic dosage. 

Restlessness: Postoperative restlessness occurred in 64 per cent of 
the lobectonuzed group of patients. The frequency bore little rela- 
lon o the hypnotic dose, but this reaction was more frequent followin<r 
mlrous oxide and oxygen than after nitrous oxide, oxvgen and ether 
The lesser irequency together with the longer period ^f nostnlr!?"' 
^ cep with the latter supplement suggests that restlessness bea^s some 
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relation to the degree of postoperative depression. The high metabolic 
nite and nervous instability of such patients are probably of crreater 
nnportance, however. Patients with gallbladder conditions were'^some- 
what more restless than the general average, especially with small doses 
of the hypnotic. The frequency of restlessness decreased with increas- 
ing doses of the hypnotic, and none was noted in the aged group of 
patients. 

The use of ether as the anesthetic supplement appeared to exagger- 
ate the frequency with which restlessness occurred after comparable 
doses of the h 3 'pnotic and the other supplements. Patients in the 
g)mecological group were somewhat more troublesome than those in 
other surgical groups from the standpoint of nursing. The data suggest 
that the dose of the hypnotic was insufficient, the major portion of 
the patients having received 3 grains or less. In this group restlessness 
was frequent. AVith larger doses (from 4j4 to 6 grains) the factor 
of restlessness was no greater than in other surgical groups. This 
h 3 'pothesis appears substantiated in that postoperative restlessness has 
become relatively unimportant since pentobarbital (acid) was substi- 
tuted for the sodium salt of the same preparation in the gynecological 
service. The lower frequency of postoperative movements noted after 
medication with the acid form of the hypnotic indicates that the dosage 
used previousl 3 '’ was insufficient (the molecular weight of the acid is 
10 per cent less than that of the sodium form) or that a longer post- 
operative depression occurs with the premedication sequence used at the 
present time. This point is being studied. 

Nausea and Vomiting . — Nausea was recorded in 11 per cent of 
patients following thyroidectomy but emesis did not occur. The fre- 
quency was greater following the use of a nitrous oxide, ox 3 'gen and 
ether supplement. From 10 to 18 per cent of the gynecological patients 
were nauseated, and less than 10 per cent vomited postoperatively. 
Nausea did not occur in the group but emesis was observed in 1 case. 
The gallbladder group differed from the other group, in that nausea was 
much more frequent. The frequency with which nausea occurred bore 
little relation to the dose of the hypnotic, and, contrar 3 '^ to experience 
in all other surgical cases, was more frequent in the aged than in the 
younger patients. The frequency was four times as great after ether 
than after nitrous oxide, oxygen and ether, even though the preinedi- 
cation sequence was constant. Emesis occurred one-half as frequentl 3 ' 
as nausea. The greater frequency with which nausea and emesis 
occurred in the gallbladder series was probably related to the nature of 
the organic disturbance. 

Urinar}^ Findings : Changes following anesthesia were unimportant. 

The urinary findings in the cerebral group of patients were negative. 

No casts were observed in the urine of the gynecological group, and, 
although transient albuminuria was occasionally observed (m the first 
postoperative specimen only), the data are of negative value only, owing 
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• f ivViirh cathclerizcd specimens of urine were 

'ThT presence of albumin and casts was noted much more 
LtmlfspectaEs) in the thyroid and Ballhladdcr groups, 
and espeLlly in aged patients, than in the other groups. 1 he frcqucnc> 
of the^occurrence of casts was the same both prcoperativcly and po.s - 
operatively. The frequency and degree of albummmaa postoperattveb 
were exaggerated temporarily by anesthesia, but it is improliab e 
premedication procedures contributed to the temporary renal c lange.^- 
noted. 


EXCEPTIONAL REACTIONS IN ALL TYPES OK SURGICAL CASKS 

Unsatisfactory reactions of greater or less seventy were noted in 
3 per cent of the total number of case records studied in detail. These 
reactions were of three types; (i) a moderate fall in blood pressure 
during the preoperative period, (2) a moderate to severe fall in blood 
pressure during the course of the operation or during the postoperatii’c 
period and (3) respiratory disturbances during the course of anesthesia. 

The average fall of blood pressure in the first group, i. e., after 
medication but preceding the administration of the anesthetic, was 
30 mm. of mercur)\ The pulse rate and respiratory rate were not 
significantly altered in 4 of the 5 patients included in this group. Four 
of the 5 subjects had been medicated with pentobarbital sodium 
(4J4 grains), morphine (34 grain) and scopolamine (’4 50 grain). The 
preponderant frequency with rvhich reactions of this type occurred in 
the presence of scopolamine does not appear to be a coincidence, since 
reactions occurred in 20 per cent of all patients similarly medicated. 
The use of scopolamine in the presence of pentobarbital sodium and 
morphine is certainly of questionable value. Three of the 5 patients 
were treated with ephedrine grain) during the course of the oper- 
ation. The patients were returned to bed on conclusion of the surgical 
procedures in good condition. 

The second type of reaction, i. e., fall in blood pressure during or 
immediately following completion of the operation, was observed in 
4 patients. The degree of change was insufficient in 2 cases to require 
treatment, but the other 2 patients showed signs of surgical shock. 
Satisfactory recoveries occurred in both patients following the adminis- 
tration of ephedrine in one and an infusion of dextrose intravenously 
'n the other. ^ 


Three patients showed respiratory disturbances during the cours 
of anesthesia. The first patient became cyanotic shortly after anesthesi 
was established, owing to faulty induction. Caffeine sodium benzoat 
nas administered. The subsequent anesthesia was uneventful and i- 
spi c ot a ong pelvic operation the patient was returned to her roor 
m good condition. In a second patient, the induction of an stfe a wi 
tbc usual nitrous oxide and oxygen mixtures was follow edlo"^^ 
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maiked cyanosis. This patient had received premedication with pento- 
barbital sodium (6 grains), morphine {% grain) and atropine (%go 
giain).^ The reaction was considered due to the more than average 
sensitivity of the subject to morphine, i. e., to overmedication with the 
naicotic in the presence of large doses of the hypnotic. Similar reac- 
tions following the administration of sodium amytal and morphine 
under comparable conditions have been reported clinically by Fitch and his 
co-workers ^ and Zerfas ® and observed experimentally by Barlow. The 
third patient had severe secondary anemia and became cyanotic during 
the course of anesthesia with nitrous oxide and oxygen. The last 
2 patients received no treatment other than an increase in the percentage 
of oxjfgen in the gas mixture. The cyanosis was relieved without alter- 
ing the character of the anesthesia. 

Pulmonary Complications . — Following the use of the pentobarbital 
sodium-morphine general anesthetic sequence, pulmonary complications 

Table 2. — Complications 


Anesthetic Sequence 

Pentobarbital sodium and morphine, supplemented 
with nitrous oxide and oxygen, nitrous oxide, 

oxygen and ether or ether 

idorphine and atropine, supplemented with nitrons 

oxide, oxygen and ether 

Ether 

Spinal 

Spinal and nitrous oxide, o.xygen and ether 

Local anesthetic 


Number of 

Compli- 

Pulmonary 
Complications, 
per Cent of 

Cases 

cations 

Series 

378 

1 

0.26 

503 

11 

2.18 

183 

5 

2.7 

46 

S 

6.5 

8 

2 

25.0 

341 

3 

0.88 


were significantly less frequent than with other types of anesthesia. The 
frequency with which complications were observed during 1932 in a 
carefully controlled group of patients in the general surgical service is 
indicated in table 2. The data appear clearcut. We believe, however, 
that in view of the small total number of pulmonary complications noted 
the figures must be supplemented or confirmed before this point can be 
definitely established. 

SUMMARY AND CONCLUSIONS 

The present report is a review of the records of more than 700 
surgical anesthesias in which the patients received premedicatioii with 
pentobarbital sodium in doses ranging from 1)4 to 9 grams (optimal, 
from 3 to 4)4), morphine and atropine supplemented with several 

types of general anesthetics. 


9. Zerfas, L. G. ; Brit. M. J. 2:897, 1930. 
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Preanesthetic medication with pentobarbital sodium and morphitic 
reduces or eliminates apprehensiveness so that the patient 
exceptions arrives in the operating room eitto_ asleep ^ 

• * administered and the relative sensitivity ot the 


anv 


iv mechanical or anesthetic pro- 


the hypnotic dose 

patient) or wholly uninterested in ^ - 

cedure. The pulse may be unchanged or may oscillate on cither su e 
of normal, but an increase of from 1 to 4 per cent occurs as a rule. 
The changes in blood pressure and pulse rate preopcratiycly bear an 
inverse relation; i. e,, a rise in the pulse rate is usually coincident with 
a slight decrease in the blood pressure. The median variation in blood 
pressure is wdthin a range of plus or minus / per cent. The circulator! 
changes observed following premedication were not significantly diver- 
gent in different surgical tj'pes with the exception of patients with thyroid 
and gallbladder conditions. In the two exceptional groups oscillations were 
more variable and slightly greater in degree. The respiratory rates were 
unaltered by premedication. The respiratory volume as indicated by 
recorded changes in the minute volume was reduced insignificantli’, and 
the decrease noted even with maximal doses of the hypnotic (and 
narcotic) was within the normal range of changes occurring during 
sleep. 

The induction of anesthesia was smooth, distinctly shorter in point 
of time than in the absence of the hypnotic, and anesthesia could be 
established and maintained wdth ease with smaller quantities of the 
supplementary anesthetic than are required ivithout such premedication. 
From 85 to 96 per cent of the anesthesias ivere good; the remainder 
were “fair.” Poor anesthesias were infrequent. Anesthesias were 
least satisfactory in patients in the thyroid and gynecological groups. 
The hypnotic-narcotic-supplementary anesthetic sequence was most 
satisfactory in young and least satisfactory in aged patients. Nitrous 
oxide, oxygen and ether was the supplemental-)' anesthetic of choice. 

The pulse rate increased from 10 to 20 per cent during the course 
of anesthesia, and diminished somewhat from the operative peak 
immediately following the period of anesthesia. Changes in the pulse 
rate were maximal in young and minimal in aged patients ; the changes 
observed in patients with surgical conditions of the thyroid and gall- 
bladder were of greater magnitude than in other surgical types. 

The blood pressure varied widely in exceptional cases during the 
course of operation, i. e., from 10 per cent below to 25 per cent above 
normal. In general, a rise of from 5 to 10 per cent above normal 

and Oxygen or nitrous oxide, oxygen 

and ether, ^^uth ether or local anesthesia the median pressure either 
or .noreased riighdy from the premedication S but " S 
the except, on of the group undergoing operations 1 he t ■ 

tenanted hetotv nortna, during theUe troyr:.* ‘’S,;: 
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and diastolic pressures, although qualitatively similar, differed markedly 
in exceptional instances. Postoperative pressures fell somewhat from 
the levels established during anesthesia. 

Respiratory values during the course of anesthesia wei'e difficult to 
evaluate. The rates increased significantly, and a moderate com- 
pensatory decrease in volume was observed. Disturbances were rare, 
and when such reactions occurred, were corrected by the adjustment 
of the anesthetic mixture of nitrous oxide and oxygen. Postoperatively, 
the respiratory rates and volumes returned either to normal or to the 
preoperative values. 

The duration of postoperative sleep, although obviously influenced by 
the severity of the operative procedures to which tlie patiejits were sub- 
jected and the nature of the general anesthetic used, showed a fairly 
close correlation with the nature of the patient, i. e., with the general 
condition, metabolic level and nervous stability. Excitable persons 
(especially those with abnormal thyroid glands) require heavier pre- 
medication for a unit reaction than do lethargic patients. Body weiglit, 
according to this study, bore little relation to the degree of reaction of 
similar age and surgical groups to the same medication. No sexual 
differences were discernible. Age appears to be of some importance so 
far as the reaction to a unit dose is concerned. The observed suscepti- 
bility as judged by the duration of sleep postoperatively (type of opera- 
tion and anesthetic being constant) appears to be in order from greatest 
to least: the immature age group (from 1 to 18) ; the aged (60 or more 
3 'ears), the 40 to 59 year group and least in the group from 19 to 39 
)^ears of age. The margin of safety appears wide, but caution should be 
observed if more than 9 grains is given, even with the sequence of 
divided doses used, and especially in the presence of morphine. Patients 
medicated with 9 to 10 grains are difficult to arouse; they sleep from 
eight to (exceptionally) sixteen hours postoperatively. Respiratory 
disturbances occur more frequently with ma.ximal doses of the hypnotic 
in the presence of morphine, and occasionally the maintenance of n 
satisfactory color necessitates an increase in the percentage of oxygen 
in the gas mixtures as ordinarily used. Under such conditions the depth 
of anesthesia is uninfluenced by the accompanying decrease in the 
nitrous oxide in the mixture. 

Purposeless movements ranging in severity from those just dis- 
cernible to those requiring restraint were observed postoperati\eIy in 
from 20 to 45 per cent of the patients medicated with pentobarbital 
sodium. The frequency was greatest in young and least in aged patients 
and decreased significantly witli increasing doses of the hypnotic. Such 
movements may be entirely absent with maximal doses. Patients uh" 
had an operation on the thyroid or gallbladder were more re.=tless pn-t- 
operatively than other surgical types. -Morphine effectively controlled 
titese reactions. 
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No renal effects ot the ])reinedic:ition scjiienee wete 
chairges observed were easily explainable as minor reacting ’.o - 

plementary anesthetic and operative procedures, ami m tho r.mm 
pared closely with preoperative findings. . , . 

The effectiveness of prcincdication witli pentoh:,vi)ii.ii 
appeared to be distinctly improveil. esi>ccially as t<i tiu: n-.a'.-.: 
obtained, by the addition of small dose.s of morphine, l.aiiic ' 
the Iwpnotic appear to be indicated in lobectomies and cholicy.o.t 
In the latter group full doses of morphine (W grain) are imiaa!' 
addition. In general, full doses of mor])hine .dinuld be used e.-e.ni- 
when more than 5 grains of pentobarbital sodium liave h<-en aom 


tered owing to occasional sensitivity of patients and the gre.iter ^ y 

of such medication to cause respiratory depression. 

Amnesia beginning shortly after the administration oi th<- hyp: 5 '''.:> 
and persisting for from five to twelve or more hours j'o^to|w';7i;i'.<';y v, ; • 
observed in at least 75 per cent of the group of jiatieuts rcCiivir.-.; .t 
more grains of pentobarbital sodium. 

Undesirable reactions were observed ]u-eoperalively (befote tin- 
administration of the anesthetic) in 5 cases and tluring or ^lo'•t<■p',•!.•i!iv^ly 
in 7 cases. The preoperativc change was a fall oi bbxtd ptc.vnir 
usually of moderate degree, although in 1 case the pulse bceatue imjH-r- 
ceptible. Four of the 5 patients received pentobarbital sodimii. m.irpbn'.-- 
and scopolamine. Three were treated with ephedrine durir.g tin- 
of the operation, but all were returned to bed in good condition. During 
the course of or following anesthesia a moderate to severe fall in bbwKi 
pressure occurred in 4 patients. Two were in a state of shock .-md 
required treatment. Cyanosis was observed in ?> jwtients fhiring the 
course of anesthesia, owing to improper medication for their phvsical 
condition. Operative procedures were not intcrruiited. and the color 
was controlled by increasing the percentage of oxygen in the mixture 
ot nitrous oxide and oxygen. 



GAS BACILLUS INFECTION COMPLICATING 
LAPAROTOMY 

LOUIS H. NASON, M.D. 

AND 

ARNOLD STARR, M.D. 

BOSTON 

It IS the purpose of this report to draw attention to gas bacillus 
infection^ following laparotomy; this condition is manifested by a ful- 
minating clinical course which may terminate fatally with startling 
rapidity. Failure to think of this complication, and the consequent 
omission of pertinent bacteriologic studies, may leave the surgeon m3'’sti- 
fied as to the actual cause of death. Frequently it is only when a post- 
mortem examination is performed that the situation is clarified. 

Winter,® in 1889, reported 2 cases in which emphysema of the 
abdominal wall occurred after laparotomy. Eight years later Russell ® 
reported 2 similar cases ; one after uterine suspension and the other 
following a panhysterectomy. Subsequently, several reports of cases 
appeared in which gas gangrene was described as a complication of 
abdominal operations. It was reported after cholecystectomy, gastric 
and colonic resection, enterostomy and closure of a perforated peptic 
ulcer. However, the majority of infections with the gas bacillus occurred 
after appendectomy for gangrenous appendicitis. 

From the surgical service of the Beth Israel Hospital. 

1. The gas bacillus, a frequent inhabitant of the intestinal tract, has been 
studied extensively in its relation to gangrenous appendicitis. Eleven cases of gas 
bacillus infection following operation for gangrenous appendicitis were reported 
by Simonds (Studies in Bacillus Welchii, New York, Rockefeller Institute, 1915). 
Bier (Ann. Surg. 81:1117, 1923) and Ochsner and Schmidt (S. Clin. North Amer- 
ica 5:911, 1925) each reported a case of gas bacillus infection of the abdominal wall 
following appendectomy, with recovery. In 139 cases of appendicitis gas bacilli were 
isolated in 49 of the diseased appendixes, by Lanz and Tavel (quoted by Jennings: 
New York M. J. 117:682, 1923). Hyde and Frederick (quoted by Jennings) found 
gas bacilli in 100 of 102 cases of acute appendicitis. Grigeroff (quoted by Russell =) 
noted that in normal appendixes, the aerobes and anaerobes were in equal pro- 
portions, or the aerobes predominated, whereas, in inflamed appendixes the strictlv 
anaerobic bacilli were strikingly predominant. It is probable that the anaerobic 
gas bacilli take a significant part in the development, if not the causation, of 
acute appendicitis. 

2. Winter, quoted by Russell.^ 

3 . Russell: W. W.: Postoperative Emphysema of the .-Vbdominal U'all. Am, 

J. Obst. 35:517 (April) 1897. 
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Despite the widespread prevalence _ot tl ^ 

bacillus infection following laparotomy is ielali\cl\ r. . \ , 

been identified in the discharge tvom nh.lonunal d..o...w 

tracts, especially in cases of gangrenous appendicitis and raua ... _ 

’ * ” ... > * ‘ 


the anaerobic bacilli, ra- 
■intivt’lv rare. Hie orr.an- 


gangrenous gallbladders. This organism was isolated ni .* pel enn <- 
their cases of acute cholecystitis. In the routine c.M.ainmatKm or gall- 
stones taken at autopsy these authors found V>. W elchn m tbw m.< a .. ■ 
of 13 per cent of the calculi. In view of the lack of correlanon betwc r n 
the occurrence of gas bacillus infection ami the extensive <li.-tf ibtition 
of the organism, it is apparent that special comlitions mu.-t <‘htain t<d 
its inception and development. 

As has been demonstrated hy Andrews and Mrdina.- the introdnclii.n 
of a bit of sterilized liver tissue into the jieritoneal caviiy of a r.-ih!>!t 
will result in a gas bacillus infection. Ifvidently the introflnction 
or formation of proteohlic substances iiroduces the necc-.-sary con- 
ditions for the activation of the gas bacillus. .Xjiparently the vinjiencc 
of the organism is considerably enhanced in the pre.'^ence of necrotic 
tissue.® The autolysis of devitalized ti.ssiic high in jimtein content 
produces substances which favor the appearance ami rapid growth of 
anaerobic gas bacilli. Extensive involvement has occurred, howi'vef, 
in cases in which the amount of necrotic tissue originally present was 
almost negligible. When contamination occurs, it is probably due to the 
malignant toxin of the gas bacillus which provides by its necrotizing 
action the dead tissue indispensable to the development of the gas 
bacillus infection. The muscle is killed by a toxin-bearing edema which 
goes ahead of the bacillus. The gas may be a factor in opening up new 
channels, but unthout a necrosis-producing toxin the infection could 
not advance. The relative avirulence of the toxin of certain strains of 

4. Gordon-Taj'lor, G., and Whitby, E. H.; A Bacteriological Slndv n{ 50 
Cases of Cholecystectomy with Special Reference to Anaerobic Infection Brit I 
Stirg. 18:78, 1930. 

5. Andrews, E., and Hrdina, L.: The Cause of Death in Liver Autoivsis 

Surg., Gjmec. & Obst. 52:61 (Jan.) 1931. ' ’ 

6. Reith (J. Bact. 12:367, 1926) reported the presence of B. Wcichii in 

the musclar tissue of normal animals. Andrews, Rewbridge and Hrdina (Sure 
W S: Ob„. 1931) the b' Wdd.a 

SS \ te injection of sterile liver extracts or bile salts. Thev showed tint 

yielded B. \Velchii, and thev expressed the belie 
ftat the organism was already present in the tissues They founTtW 
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anaerobic bacilli accounts in part for the cases in which the patient 
recovers. Furthermore, the heterogeneity of the group also is partly 
responsible for the varied clinical aspects and the dift'erent responses 
to seium tieatinent. Clinically it has been noted that the presence of 
streptococci, staphylococci and Bacillus coli results in an increased viru- 
lence of B. Welchii, Meleney and his associates^ demonstrated with 
mixtures of B. Welchii and the common pyogenic organisms that the 
lethal dose in mice was considerably smaller than that of each organism 
alone. They expressed the belief that a definite synergistic action 
occurs. 

The infection may begin in the muscle of the abdominal wall, the 
peritoneal cavity or the liver. The pathologic changes are the result 
of the toxemia alone or of the toxemia plus the presence of organisms 
and gas. When muscle is involved it becomes edematous, necrotic and 
crepitant. The “cooked meat” appearance is typical. Microscopically 
the muscle bundles appear necrotic; the sarcoplasm is dense and con- 
tracted, producing a space between it and the sarcolemma. This space 
is said to contain the toxin-bearing edema. The gas is found mainly 
along fascial planes. The liver shows marked parenchymatous degen- 
eration, true toxic hepatitis, which may progress to widespread necrosis. 
Toxic nephritis is present. A constant feature is the extensive necrosis 
of the suprarenal glands. Similar toxic changes exist in practically all 
the other viscera. When the gas bacilli circulate in the blood stream, 
a characteristic infiltration of all tissues by gas occurs. The liver has a 
spong)% foamy appearance. On sectioning the preserved, fixed brain 
reveals a “Swiss cheese” appearance. Tremendous infiltration of ail 
the tissues by gas bacilli takes place. The air bubbles may even appear 
to be lined with gas bacilli. 

The clinical picture is one of overwlielming toxemia. Within from 
six to twelve hours after operation certain alarming signs may appear 
in a patient whose postoperative recovery has been proceeding satis- 
factorily. The blood pressure begins to drop slowly but steadily, and 
the pulse rate is accelerated correspondingly. The anxious, restless 
patient becomes semistuporous and finally lapses into coma. The skin 
and extremities are pale, cold and moist. The most striking phenomenon 
is the progressive increase in body temperature, reaching sometimes as 
high as from 108 to 110 F. Despite the usual antip)vetic measures, the 
temperature does not fall. The combination of very high fever and pale 
cold skin signifies an c.xtreme degree of peripheral vasoconstriction. 
Shock therapy produces little or no improvement. Examination of the 

7. Meicney, F. L.; Olpp, J.; Harvey, H. D. and jern, li. Z.; Peritonim: 
Svnergism of Bacteria Commonl.v Found in Peritoneal Exudates, -Arch. Siirg. 

709 (Oct.) 1932. 
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^vound may give negative results- ho%NC%ci 

nal wall, crepitation may be clicitc( . 
oi the nrinaty output; complete aimna ma> ocau Un 
-t-j inmidice. atul the icteiK lunc.. <» 


if the infection invcdvc'^ 
carlv. 'rhere is a nirukc! 

'ihi'. 


the abdominal wall 

diminution of the mmdiv uu.i-v.v, - 

may be accompanied bv a deepening pnndice. and the icte u 
rise to 100 or more. The nonprotcin nitrogen ol die ' 

without a corresponding rise in the blood urea mtmgen. w ‘ 
has a high specific gravity and contains albumin and casts 1 he ul.o 
cell count ranges between 20.000 and 30,000 per cubic niilhnu ter. 

Of late the literature has contained many reports describing die 
clinical aspects of postoperative “liver deaths."^ Heyd." m disctis-mg 
this entity, described three distinct types, one of which was similar t<' 
the clinical picture existing in gas bacillus toxemia and se]niccmia. .■\'- 
an illustration he described a patient in whom, shortly after oj'eiatinn. 
the temperature rose sharply. The pulse and resjuratory rates Itecana- 
rapid. The patient became comatose and died in thirty-six hours, i he 
postoperative course of our patients with gas bacillus iiifectinn wa' 
practically identical with this description by Heyd. In case 2 the. dia.g- 
nosis of acute hepaticorenal insufficiency was made, and it was not until 
the postmortem examination that the true cause of death was ascertained. 
The nonprotein nitrogen of the blood and the icteric index had both 
risen rapidly. The blood urea nitrogen was elevated to a lesser degree. 
The urinary output for the entire postoperative course was 7 ounces 
(198 Gm.). The similarit}- in the clinical manifestations of gas bacillus 
toxemia and those of hepaticorenal insufficiency indicates that actually 
acute insufficiency exists as a result of gas bacillus toxemia. The liver 
and kidneys in all our cases showed extensive parenchymatous changes. 
It is conceivable that in some cases the clement of hepaticorenal insuffi- 
ciency may be primary, with the gas bacillus infection engrafted on an 
already necrotizing, degenerating liver. That this secondary infection 
is possible and probable has been conclusively demonstrated by Alason 
and by Andrews and Hrdina.® Especially in the cases of hepaticorenal 
insufficiency following traumatic pulpefaction of the liver, such as those 
reported by Heyd and Schutz^® and others, it would seem that conditions 
are exceedingly favorable for the development and appearance of gas 
bacillus infection. Other than acute hepaticorenal insufficiency there are 
few conditions which simulate gas bacillus toxemia and septicemia. An 
acute, fulm inating, streptococcic septicemia will occasionally produce 

M. A. ?7T?m?’<d'c. Si iS"'" J-'- 
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hyperpyrexia and coma. Also, in the diflcrcnlial diagnosis, one must 
include the possibility of uremia, certain types of intracranial lesions 
and severe peritonitis. Jlon-ever, in each of these conditions charac- 
teri.stic features can usual!}' be recognized. 


Because of the rapid cour.se of postoperative gas bacillus infection, 
early recognition is essential if any result is to be expected from 
treatment. .At be.st, treatment of this distressing complication is dis- 
ajipointingly ineffective. Measures directed at lowering the temperature, 
combating the to.xemia and supporting the circulation are indicated. 
Specific antitoxin should be given. Intravenous and subcutaneous 
infusions of large quantities of saline and dextrose solutions may be 
used in an altemjit to oil set the shock and toxemia. Concentrated solu- 
tions of de.xtrosc arc indicated because of the extensive damage to the 
liver and because of the need for a diuretic. There may also be some 
virtue in a 50 per cent solution of dextrose as an antipyretic agent. 
At the first suspicion of the presence of this complication, large doses 
of gas bacillus antitoxin should immediately be administered intra- 
venously. The usual skin test for sensitivity should be performed. 
From one to four therapeutic doses of polj^’^alent antitoxin containing 
at least 10,000 units each of B. Welchii and vibrion septique antitoxin 
per dose should serve as the initial administration. An additional thera- 
peutic dose should be given intramuscularly. The intravenous adminis- 
tration of antitoxin should be repeated every two to four houi's during 
the crucial period. If crepitation is elicited in the wound, the sutures 
should be removed, the wound laid open and smears of the exudate 
taken. Free incisions may be necessary if the process is extensive. 
Hydrogen dioxide or surgical solution of chlorinated soda may. be 
instilled into the wound at frequent intervals through Carrel-Dakin 
tubes. 


When the infection invoh^es the blood stream, peritoneum or liver, 
the outlook seems hopeless. The prognosis in cases of gas bacillus 
infection localized in the abdominal wall depends on the virulence of 
the particular bacterial strain, the severity of the toxemia and the 
resistance of the patient. The early institution of adequate treatment 
may be the deciding factor in the outcome. The mortality in any event 
will be discouragingly high. Death occurred in our 4 cases. 


report of cases 

Case 1.— M. S., a salesman, 40 years old, was admitted to the hospital on Oct. 
19, 1932, complaining of loss of weight for one year. For fourteen months the 
patient bad suffered intermittent attacks of acute epigastric pain followed by 
vomiting. There had been periods of constipation, with the passage of small black 
lumps after catharsis. His appetite became poor, and he became progressively 
weaker. He had lost 40 pounds (18.1 Kg.) during the previous twelve months. 
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skin and mucous membranes were pale. The heart. ... u 

n,al. The blood pressure was 110 systohe and ^ 

gave negative results. The urine was normal. ^ ‘ ' ' 

blood cells, 3,250,000: hemoglobin content. 50 per cent; '' ,j 

and the differential smear was negative. Stools ‘ , 

examinations. The results of serologic tests were nrgatne. ' 

showed nothing remarkable. A barium sulphate enema showed t u-- 

ing at the upper portion of the ascending colon, nlynil / cm. m Inmt ). 
the characteristic appearance of annular growth, proliably carnnoma. K-cm; <-!. 
grams revealed no evidence of mctast.ascs. 

On October 26, under nitrous oxide, oxygen niul ether ancsthesin. Ih.c crcmii ;md 
ascending colon were resected, and an ilcotransverse coh'stoiny and rntr;. ■>!. my 
were made. The patient left the operating room in {:<> ><1 conditnm. Hi' inn' 
perature gradually rose, rc.aching 104.6 F. the day following tjpcratii.n. Simul- 
taneously tlie pulse rate increased to 144, and the respiratory rate to •id. Tim 
abdomen was flat and soft. The enterostomy tube functioned well. 1 lie bio«l 
pressure gradually became lower. The total urinary excretion n.'i'. only .' 

(84.9 Gm.). Dextrose and saline solutions were given without any effect. On 
the morning of October 28 the temperature was 110 1'.. the pnUe r.atc It-tl .'ind ti*.'- 
respiratory rate 40. The patient grew comatose and his hlocxl pres'-urc gradually 
became imperceptible. Stimulants were given, but to no avail. At 4 a, m. <i:i 
October 28, the patient died. Two hours before death, examination of the abiloinen 
revealed for the first time, crepitation about the enterostomy waumd. 

At postmortem examination, performed eight hours after tleaih, snbcntaiu-'Uis 
crepitation could be felt over the right half of the nbclominnl uall. Tltcrc ua^ 
afoul serosanguineous discharge from the stab wound around the entcro.stomy tulw. 
The muscles in this region were edematous, brown and crcpitastl. Th.crc w:is a 
small amount of turbid fluid in the peritoneal cavity. The spleen wa« soft, Imt of 
normal size. Gas bubbles could be expressed from its cut surface. The liver 
showed fatty degeneration. Bacillus Wclchii was isolated from the abdominal 
wall. The suprarenal glands were necrotic. The presence of typical gas bubbles, 
surrounded by bacilli, was the prominent finding in the necrotic muscle of the 
abdominal wall. 

Conmieat.— This case presented a fulminating toxemia from winch the patient 
died thirty-six hours after operation. The ileostomy opening was undoubtedly the 
source of contamination with B, ^^'ekhii. The major features of the postoi)crntivc 
course were the hyperpyrexia and profound shock. The postmortem observations 
were typical. 

Case 2.— A. kL, a man, 56 years old, was admitted on July 19, 1932, complaiii- 
mg of severe pam in the right upper quadrant of the abdomen of twelve hours’ 
duration There had been two similar attacks during the three vears before admis- 
sion with no history of jaundice, clay-colored stools, nausea or vomiting. 

Thy sieal examination revealed marked tenderness and spasm in the right upper 

quadrant of the abdomen and a tender mass the size of an orange in this regkn 

T6cm?;f niargin. The edge of the liver was palpable 3 Tnch”’ 

bl««t margin. The temperature was 100 F. (rectal) and the 

Diood Dressiire waQ ^A^ j «« ... ana tne 


blood count showed^ white blood cells, lT6"oo7red^ Moorrelir 3 S OW) ’ 
emoglobin content 70 ner cent Tin. J t_ ’1 m. . * _ * 


pressure was 145 systolic and 90 diastolic. The 


urine was normal; the 


per cent. 


and 


The stools contained bile. The icteric index 
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was 12.5, the nouprolcin nitrogen, 32, and tl,c blood sugar, 95. The results of 
.serologic tests were negative. 

On July 21, cltolecystectoiny with drainage was performed under spinal anes- 
thesia. 'Iwenty hours after operation the temperature began to rise, and exami- 
nation showed some abdominal distention. Tlie patient became drowsy. The 
urinary output was 4 ounces (9.32 Gm.) in the twenty-four hours following opera- 
tion, m siiilc of a fiuid intake of 4,000 cc. Tliirty hours after operation the patient 
became comatose, and showed an icteric tint. There was twitching of the muscles 
about the mouth. Three more ounces of urine was obtained by catheterization. 
Tile temperature gradually rose to 110 F. and persisted at this level. The icteric 
im!c.x increased rapidly, and the skin became cold and clammy. The blood pressure 
tell steadily, and liierc was an increasing weakness of the pulse. The nonprotein 
nitrogen was 110 mg. and the blood urea nitrogen, 46. Death occurred forty hours 
after operation. Postmortem c.xamination revealed early purulent peritonitis. The 
liver showed extensive degeneration, and was markedly enlarged. On sectioning 
it gas bubbles were noted. Bacilli Wclchii were recovered from its cut surface. 
TIic spleen and suprarenal glands showed marked necrosis. An acute toxic 
ncpliritis was present, 'i lie brain was swollen, and on sectioning, after fixation, 
showed a “Swiss cheese” appearance. Microscopically the organs showed paren- 
chymatous degeneration associated with gas bubbles and bacilli. 

Continent . — It is significant tliat the clinical diagnosis was hepaticorenal insuf- 
ficiency. Tliis is not surprising in view of tiic presence of byperpyre.xia, coma, 
urinary suppression, jaundice and evidence of nitrogenous retention. This case 
illustrates the similarity between gas bacillus toxemia and septicemia and hepatico- 
rena! insufficiency, and suggests that the element of hepaticorenal insufficiency is 
actually present in severe gas bacillus toxemia. 

Case 3. — C. D., a woman, 67 years old, was admitted on Jan. 19, 1933, com- 
plaining of recurrent attacks of sharp pain in the right upper quadrant and in 
the epigastrium during nine months before admission. One month before admis- 
sion she had a severe attack associated with chills and fever. Three weeks 
before entry she noticed jaundice, wdiicli became progressively deeper. Following 
the onset of the jaundice the urine became dark and the stools clay-colored. The 
patient gave a history of a loss of 10 pounds (4.S Kg.) during the month before 
admission. 

Phj'sical examination revealed marked jaundice; the temperature was 100.2 F.; 
the blood pressure was 150 systolic and 70 diastolic; the abdomen was prominent, 
the edge of the liver, somewhat tender, could be felt about one handbreadth below 
the costal margin. The urine contained; albumin, a slight trace; bile, 4 plus. 
Repeated examinations of stools revealed no bile. The red blood cell count was 
4,100,000; the hemoglobin content 60 per cent; the white blood eel) count, 7,500, 
the differential smear, normal ; nonprotein nitrogen, 24 mg. ; the bleeding and clot- 
ting time normal, and icteric index, ISO. 

The patient was prepared for operation with intravenous injection of solutions 
of dextrose and calcium chloride. On January 25, under spinal anesthesia, the 
abdomen was explored. The gallbladder was dilated, and the head of the pancreas 
was definitely thickened. Cholecystogasfrostomy was performed. 

Twelve hours after operation the temperature rose to 104 F. and the pulse 
rate to 140. Catheterization at this time yielded 2 ounces (58.6 Gm.) of urine. 
Eighteen hours postoperatively the temperature was 106 F., the 
almost imperceptible, and the blood pressure dropped to 75 systolic and 40 diastolic 
The patient rallied slightly after an intravenous infusion of 500 cc. of a lu p 
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dysts aod concenmttd dextrose intravenously, 

urine. Thirt\--six hours postoperativcly the tcmpcr.iUirc .«'c < 

was not perceptible and the patient died in spite at all treatment. _ 

At postmortem examination extensive parenchymatous dcircncrntion . ir 
liver kidnevs and suprarenal glands was found. Tlic liver, nn section. c 

to contain numerous gas bubbles, and B. Welchii was isolatcl from Us cut ‘ur- 
face. The pancreas showed chronic inflammation. 

CoDiiHcnf.— The profound toxemia and rapidly fatal termination ilUt'tr.atc tin 
tj'pical manifestations of gas bacillus infection. 


Case 4 _ £. E., a woman, 37 years old, a kitchen worKcr was adnmtc! < n 
.\pril 14, 1930, complaining of diarrhea, headache and alKlominn! pain, hor six 
days previous to admission there had been from ten to twelve watery Iirm.Mi 
stools each day. Three days before admission the patient had chills, fever, gcner.d 
malaise and sweats. There was generalized pain in the lower part <>f the 
abdomen. 

The physical examination revealed: evidence of consolidation at the ba^c "i 
the left lung, and the abdomen, markedly protuberant, contained a large iluctnant 
tumor. The temperature was 104 F. (rectal); the pulse rate 110; the respiratory 
rate 25; white blood cells 22,000, and the urine normal. While under ob>-crvati'in 
the temperature continued to be elevated, up to 103 F., and there was persi'-tent 
leukocytosis. The Widal test gave negative results. The stools decreased t<' 
two a day. Blood cultures were negative. Ten days after admission the patient 
complained of burning micturition. Examination revealed a large abdominal tumor 
completely filling the pelvis. This was very tender, and the uterus could not l>c 
felt. The diagnosis of ovarian cyst with possible malignant degeneration was 
suspected. 


On May 15, under spinal anesthesia, laparotomy was performed. Two large 
tubo-ovarian masses, the size of footballs, filled the abdomen. The left was larger 
than the right, and both masses seemed to contain foul, purulent material. The 
abscesses were broken into and the masses were removed with considerable difficulty. 
During the operation, a small opening was inadvertently made in the sigmoid 
flexure, this was immediately sutured. The patient was given an intravenous 
infusion of dextrose immediately following operation, and was returned to the 
ward. Late in the afternoon she showed evidence of shock ; treatment by fluids 
administered intravenously and transfusion did not improve the condition, and 
the blood pressure continued to fall. The temperature rose to 107 F. and the 
pulse to 160. Despite this pyrexia, the skin was cold, moist and clammy. The 
patient lapsed into a coma, her respirations became irregular, and she died six- 
teen hours after operation. 


The postmortem examination disclosed widespread peritonitis with walled-off 
poc-ets OI oul-smellmg pus. There were hemorrhagic pleuritis and pericarditis 
hroughout the mpcardium were small gas bubbles. The spleen was enlarged 
ngested and crepitant. The liver presented a typical foamv appearance Micro’ 

oTffie'b hM ' ^ v,ndespread distribution of gas bubbles. At the periphery- 

bubbles were numerous bacilli. Bacilli Welchii were cultured irom Z 
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tilt' livrr iiti'i 'i'h'- -•i;ir,:rr!: it \<rtr .-.t fi/TiijiIct'"!}' r.ccrotic. 

( I’lr.r'.-i:!, ['hi-, t.i-.- prt tlf p" .i{ n', rr'.'. irl.'iiit:;: t"xrfr,'n ar. 1 itp'j- 

viiiiiii ill'- pi!i'-t!’. >!«- ! 'wi','!';; ■;:x{*-rr: >>! The itd- 

til'll!. il iip-'iiiiu: i>i til'- iiitr:'!*!- p.',>''.i!i'> tit- I;: n!- i.t rr.tr.ii'.f!' ni ihe b.cterii 

'i'iii' iii.ijt'r fr.itiitr i>! {!;-• r iwif.- tii-' ii) p-Tpyrcxhi av‘''cij‘.£'i 

U'itit tiir (Titlii'.il rll'!'';i'r nt 

( i;i'' Ii:irilhi-' ititt-t tiott :i - :t t Ati'iti ni I.ijitirn'otny is 

;ni(l the i;iett>t's rr',[x)ti-ili!f tor it.-v ttu‘e[)ti''!i nti'l dcvclopnicnt are 
pre>-eiitf(l. 

The [):it!io!inde ptoer’". Is hrieflv clcsfribet!. 'I here i.' c.xtcri:!re 
prireiichymntotis tleyetier.ittoti t’ti th- vnriotts oryntts v/ith or tviihont •J- 
associated iiihltratioti hy s;as atid hacillt. 

Tlie clinical pietttre is one in vvhieli ari overwheltnitiy to.xemin bnnj: 
death, ttsti.ally within thirty-.sirs honts a.fter o'K ratiott. An extraordinary 
hyperpyrexia oecnr.s asMiei;ited v. ith hypotension, cold clninniy shin ar- 
cotna. ‘ 1 ‘he.se leatitres >ltoit!<l stioip-st th>- diartnosis. C repitation hl} 
1)0 pre.'^ont when tlte ali'lotninal wall is involved. Ihere is caidenrt 
of sti()pre,ssion of h»'()atic anti renal fttnetion sinnilatini: certain t}pe> 
sn-cailod hcpalicoretial itisiiriicieney occtirrint: after i)ix;ration. 

Tlio Ireatniont Cfinsi>ts of nieasttres ilirected at lowering 
peraturo, conihating the toxemia and Mip[V)rtiiig the circulation. • 
toxin shouUl he adniinisteretl immediately. ’I he prognosis is e-xtrem , 
grave. 



THE BREAST 

I.' LESION- IN KABBITS RESEMBLING CnRONlC CVSTU' 

CARSON L. FIFER, H.D. 

UNIVERSnY, VA. 


In the course ot detailed studies oi the lusiolo^ic ’‘J’' 

mammary gland ot the rahhit during the grouth .in* .inu ^ 

certain changes similar to chronic cystic juastius m man were muni. 
The entire study will be offered for publication tit a spcaal .'<'”n!aL 
The observations here reported arc, however, ot sufticiettt genet. i 

interest to deserve a wider audience. 

SchilH in the course ot a somewhat similar stndy incidenialh niin- 
tioned somewhat similar ohservations. Xt) pathologic inlerprelati"!j 


was made. 

During the present studies it was found that in the re.-ling stages 
(i. e., the male breast, the virgin female breast and the resting post- 
lactation breast) the rabbit’s breast presents a histologic picture which is 
in substance identical with the pathologic picture known in the hmttan 
breast as chronic cystic mastitis. The elements of this ]^icturc arc: cy.'-t 
formation, epithelial hyperplasia and metaplasia, mixed cell inlillration. 
erosion of the epithelium and scarring of tlte stroma. One or more of 
these lesions occurs in more than 90 per cent of resting breasts. 

Cyst formation is the most outstanding pathologic feature observed 
in these studies (figs. 1, 2 and 3). All grades of cy.st formation are 
found, ranging from mild dilatation of the ducts to tuacroscopic cysts. 
These are practically always lined by pathologic epithelium. Usuallv 
the epithelial lining is metaplastic (figs. 1 and 3). There arc also areas 
of hyperplasia (figs. 1 and 3) in the walls of these cysts. They fre- 
quently contain desquamated epithelium. Hyperplasia is manifest by 
simple increase in the number of epithelial cells (figs. 1 and 2) and by 
tufting of the duct lining (figs. 3 and 4). Simple hyperplasia is proba- 
bly the most constant pathologic element present. i\Ietaplasia (figs, 1 
and 3) varies in degree from flattening of the epithelium to an extreme 
attenuation of the cells. IMixed cell infiltration is most noticeable in 
the stroma underlying the pathologic epithelium (figs. 3 and 4). The 


iLSr""'"' ” 

This article includes a small portion of the work presented in candidacv for 
11, of of soioooo, 1532 , “"'‘"'“'I 

_ . Nchill, L. . Recherches sur la glande mammaire, sur les nhases n„’«u 
presente an cours de son evolution et leur determinisme, These de Lyon, 1912^ ^ 
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suI- ^nlr' "'f shows proliferation of cZrct.\rtTs 
sue lo the extent of scarrinj^r (fig. 2). “^t-cne us 

I iK'Sc ciian-cs occur in tiie male breast in the 3 -oang and old alike 
nil these chancres arc erased and the breast assn,nes an orderiy 



Fig. 1. — Section of male breast showing a part of a large cyst. There is 
metaplastic epithelium in the wall (A) with one area of hyperplasia (B). The 
surrounding stroma is adipose. Hematoxylin and eosin stain; X 335. 


morpholog}'. In the multiparous female breast similar pathologic 
changes are found in the resting postlactation period, but as a rule 
these changes are not present in any stage of functional activity, i. e., in 
estrus, pregnancy, pseudopregnancy or lactation. In a few instances 
slight pathologic changes persist throughout the period of functional 
activity ; in such cases they are never intensified by the hormone stimu- 
lation of the breast and they are seen only in the large ducts that are 
present from the earliest development of the gland. In general, the 
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The Wstopathologr^t 



Fig. 2. — Section of male breast showing a part of a cyst with erosion of the 
epithelium at A and with scar tissue beneath. Young fibroblasts (jB) are seen in 
the scar. The epithelium on each side of the erosion is hyperplastic. Hema- 
toxylin and eosin stain; X 335. 


the literature, tvith the exception of Schill’s observations, no change 
resembling chronic cystic mastitis has been observed in the rabbit. 

In the second place, the relationship between hormone activity and 
the histologic picture in these breasts is exactly the reverse of the rela- 
tionship between hormone activity and the clinical picture of chronic 
cystic mastitis. In the former instance estrus erases the pathologic 
elements ; in the latter instance the premenstrual period of the menstrual 
cycle intensifies the clinical picture. 




Fi’ij. 3. — Section of male breast sliowiiig a part of four cj'stic ducts. One cyst 
contains a papillary projection (A) and a number of desquamated epithelial cells 
with a few wandering cells. One cyst shows hyperplasia (5) and another shows 
metaplasia (C). There is a mi.xcd cell infiltration in the stroma. Hematoxylin 
and eosin stain; X 167.5. 



Fig. 4.— Section of male breast showing parts of two ducts with tuftmg {A) 
and papillary projection (F). There is a marked cellular infiltration in tie 
stroma (C). Hemato.xylin and eosin stain; X 335. 
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These curious observations do not lielp to throw liijhl on the etiohiiry 
of chronic cystic mastitis. They suggest that there is a growth ten- 
dency on the part of the epithelial cells which need a hormone tnr 
regular orderly development and that when the hormone is al).^'!!! the 
cells, subjected to this tendency to develop, do so irregularly. 1,'nder 
this conception the changes in the stroma may Ite secondary to tin; 
epithelial changes. 



P]^1MAK\' LTI'OSARCOMA OF BONE 
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Mali.ynaiU tumors wliicli arise from preexisting lipoma and exhibit 
IM-onoimced fatty elements have been described not infrequently since 
tile ongnial articles of Virchow * in the middle of the last century. The 
contributions of Robertson, = in 1916, and that of Seids and McGinnis,^ 
in 1926, .summarize the jirescnt knowledge of these tumors. It is note- 
worthy that these rei)orts arc concerned only with those tumors which 
^\erc found perircnall}' or in the fascial planes of the extremities. 

So far as a reasonable search of the literature ivill disclose, the only 
iuslanccs of iirimart' liposarcoma of bone seen were the three cases 
reported by Stewart ' from the Memorial Hospital, New York, in 1931. 
Stewart concluded from circumstantial data that his tumors were pri- 
mary in the bone, and stated “\vc are not in a position of absolute 
certainty in stating this.” Again, be said: “The only constituent of bone 
or bone marrow unrepresented in the tumor field seems to be the fat 
tissue.” 

There were also a few cases of benign lipoma which were apparently 
of periostea! origin (Bartlett “ and Geschickter and Copeland®) which 
in themselves may have been the site of malignant degeneration. 

I now' present the report of a case wdiich, from the clinical and 
pathologic study, strongly suggests a periosteal origin of a liposarcoma. 


REPORT OF A CASE 


History. — L. K. was admitted to the Highland Hospital on Jan. 1, 1932, 
witl] the complaint of pain in the left shoulder of four months’ duration. The 
patient was a white, married, American housewife, 30 years of age. During the 
past fifteen years she had dislocated her left shoulder many times, but aside from 
a short period of discomfort following this she had had no trouble with the 
shoulder until four months previous to admission, when she first noted a light 
aching pain similar to that following dislocation. This had persisted and had 


From the East Orthopedic Service, Highland Hospital ; Dr. N. Austin Cary, 
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at the tip o{ the shoulder. It was made worse by mortiueut. csi>cc.n > .i „ 
flexion and abduction oi the arm at the shoulder. ^ ^ 

Aside from the aforementioned recurrent d.slocat.on 
had a heart murmur since the age of 6 and occasmual head edd . Sla ban 
married 11 vears, and had two children, one hvmg and wclUmd the < ^ 

Her menses were normal, and there was no memory ot senmss prer.- „ uh, .. 

The family history revealed no familial or malignant disease. 

PhyAcal E.rQinnmfioii.— The patient was a poorly nourished, ihm white w. m-m 
lying quietly in bed in no apparent distress. The heart was enlarged to the c-. 
with a systolic murmur at the mitral area. The blood pressure \va< 110 se.'tout 
and 55 diastolic; the temperature, 9S.4 F.; the pulse rate. 7.'. and the rc.^pir.'.tr.ry 
rate, 18. 

On the upper part of the left extremity w.as a symmetrical, rounded swcllm;: 
over the head and trochanter of the humerus. It was not inflamed, and the vrsscF 
overlying it were not engorged abnormally. It was cold, smooth and hnmogene'e.’.* 
on palpation. There was an increase in tension and elasticity suggesting fund 
under pressure. The mass lay beneath the deltoid muscle, which was freely 
movable. The mass was not movable and lacked the tccl of an encapsulated tumor. 
The arm through the proximal end measured 2 inches (5.0S cm.) greater in circum- 
ference than the normal right arm. There was only slight tenderness on pressure, 
but passive forward elevation of the shoulder produced pain. 

Laboralory Exawimlioit . — The Wassermann reaction of the blooil was negative. 
The blood showed: hemoglobin concentration, 72 per cent: white blocnl cells, 
per cubic millimeter; polymorphonuclears, 49 per cent; small lymphocytes, 40 per 
cent, and 11 per cent large lymphocytes. The urine was normal. 

Roenigen Examination. — A roentgenogram made on Dec. 31, 1931, of the antero- 
posterior view of the left shoulder was reported by Dr. C. M. Pearce as showing n 
rarefaction in the greater tuberosity and upper 2 cm. of the humerus, with a bulging 
of the cortex over the tuberosity, Neither perforation nor formation of new bone 
was visible. The marked rarefaction and bulging of the greater tuberosity were 
suggestive of early formation of bone tumor, but the diffuse mottling in the upper 
portion of the shaft argued rather for early osteomyelitis. 

Examination made on Jan. 6, 1932, in anteroposterior steroscopic views of the 
shoulder (fig. 1), reported by Dr. W. H. Sargent, showed a destructive process in 
the greater tuberositv- of the humerus, evident in a small rather well defined area 
about 1 cm. in diameter lying close to the cortex. There was a slight mottling 
m the bone adjacent to this area, and extending down into the shaft about 2 inched 
Ihcre was no evidence of rupture through the cortex as yet. In the area of swell- 
ing of the soft tissue was a faint shadow lying adjacent to the shaft which su'>-<»estcd 
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ness was rather against new growth. ^ 

.1 r, ^ pathologic process in the lungs The cardiac 
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Fig:. 1. — Anteroposterior roentgenogram of the left shoulder on entry to the 
Iiospitnl. Note tlie destnietivc area in the greater tuberosity of tlie humerus and 
the mottling of tiie bone adjacent to tin’s area. In the soft tissues the bulging 
mass bcncatli tlie deltoid muscle can be seen. 



Fi'tr 2 — Photograph of the arm involved with tumor. Note the extreme swell 
ing of 'the upper part of the arm. The biopsy wound is open, with the tumor 


extruding. 
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^vhkh microscopically showed normal Wood. _ inrrravtd r-iw 

By Januarj- 20 (fig. 2) the pain and swelling m t it arm ha 1 . 

siderablv, and a specimen of tissue was removed surgically l-r h,oi>s>. i • ' ;_; 
muscle was opened by blunt dissection, liunicdiately on entering the sn," e . * 

area a large amouirt of slimy jelly-like matcri.nl filled the wound. It was gr.n.si^ 
yellow and very friable, with stringiness. .-\ large amount was scraped out ir-m 
beneath tire deltoid muscle, to which it showed no attachment.^ Iherc wa- no caj- 
sule. The only point of attachment was to the tuberosity of the hnincnn. 
bone at this point was definitely infiltrated with the tumor, and wa^ caMly per- 
forated with a blunt hemostat. The involvement of bone e.stended down the tu ck 
from 2 to 3 cm. The tumor had a free blood supply wbich necessitated t>.ac5;tng t^-. 
control hemorrhage at frequent intervals. Specimens of the hone and timior 
were removed and examined by Dr. G. iloorc, who reported as follows. !!■' 
most striking characteristics from a microscopic standpoint were th.c remarkable 
variations in the size and shape of the cells and the mtttihcr of bizarre unclear 
forms. Individual cells varied from small round or spindle cells to enormous giant 
cells of both mononuclear and multinudear forms. In tlie larger celB the i nt- 
lines were indistinct, and there was a curious multiplicity of \)attcrn. Tlic ryt'- 
plasm showed many vacuoles which, on frozen section, stained witli sndan 111, 
were found to contain fat droplets. The nuclei were likewise peculiarly diversified, 
and showed a moderate number of mitotic figures. Tumor cells dominated the 
picture, with little evidence of supporting fibrovts tissue. The blooei supply was 
free, and there were many hemorrhagic areas. The picture was that of a ntalig- 
nant mesoblastic tumor, which, because of its lipoid content, might well he placed 
in the group of the liposarcomas. 

With a proved diagnosis, roentgen therapy was instituted by Dr. \V. H. Sargent, 
it being known that many reported liposarcomas arc radiosensitive. Xninerons 
transfusions of citrated blood were also undertaken. When a checkup roentgeno- 
gram of the chest failed to show any metatases, a radical shoulder girdle .nnipiit.a- 
tion was decided on. This was done on February 23. The patient withstood the 
surgical procedure satisfactorily, but died six hours later of delayed shock. 

Antopsy.—A. complete autopsy was performed by Dr. George C.aU'in, who 
reported as follows; The general external examination revealed a normal con- 
dition except for the absence of the left arm at the shoulder girdle, apparently 
amputated recently. The right lung showed heavy adhesive pleuritis throughout 
the entire lower lobe. There was no free fluid. The cut sections were normal 
except for scattered small, soft, metastatic nodules. Sections of the nodules in 
the lung showed them to be composed in large part of the same cells containing 
hpoid found m the primary tumor of the arm. The heart showed adhesive peri- 
ear ms, and the mitral valve sclerosis and retractions. The liver spleen and 
kidneys revealed no metastases and except for congestive change were normal 
The amputated arm was examined immediately postoperativelv, and frozen 
ce ons were stoned with fat stains. These showed the previouslv reported pa^r 
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Fig. — Pliotoniicrograpli of the tumor showing the involvement of bone. 
Tlic vncuolated aren.«. wlieii freslily stained witli sudan III, were shown to be 
filled witli fat ; X 200. 



Pig. 4. — Photomicrograph of section of the tumor tissue showing various-sized 
cells and diversified nuclei ; X 500. 
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COMMENT 


It is ^vell known that tatty tumors termed ‘'lipoma" mny mnk vuu 

sarcomatous change, and the hrst impression norcoiucid ■ 

a tumor. There were, however, several lactors winch dnl not co nude 

with this point ot view. First, the tumors that have heen rei>orled. leu 
ot which involved the upper extremity, did not mvolve the hone, hm 
arose in the fascial planes from a preexisting hpomn which w;is ai\v.-!> > 
encapsulated, and the history of its presence preceded for long periods 
its malignant change. Only one instance of involvement oi hone wn- 
noted by Stewart, that of Neinhuis, in which case the process w.as con- 


sidered metastatic. 

The clinical picture in this case was more characteristic of 
so-called periosteal sarcomas, but the pathologic findings did not tit tins 
classification. That this was not a benign periosteal lipoma whicli had 
undergone sarcomatous change would seem evident from the lack of 
encapsulation and the absence of tumor prior to the onset of severe 
symptoms. 

The osseous involvement was apparent in the earliest roentgenogram, 
and at the time of biopsy^ there was no infiltration of the subdeltoid 
sheath, which would have been a much more logical site for local metas- 
tases or invasion than the cortical bone if the tumor had arisen extrn- 
periosteally. 

The histologic picture of the tumor both locally and in the myriad 
of small metastases in the lungs, which were not demonstrable by x-rav 
film, strongly suggests that this was a tumor of fatty origin. The influence 
of the trauma from repeated dislocations of the shoulder is of definite 
interest and must be assumed to have been a factor in the origin or 
spread of this new growth. It may be well in the future to stain more 
of the frozen sections of biopsy specimens with some standard fat stain 
to establish more accurately the frequency of these malignant processes. 


SUMMARY 


The general subject of malignant fatty tumors involving bone is 
considered, and a case reported which, from the clinical and pathologic 
evidence, strongly suggests its origin from the fatty elements of bone 
it IS hoped that more frequent use of fat stains at biopsy will disclose 
more facts in this obscure tumor field. 
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IIis(o]);itliuIoyic (Ic'scriptlons of bones of extremities amputated 
because of gangrene, contingent on vascular occlusion, are practically 
nonexistent. In caring for patients in whom gangrene of the extremities 
is cic\ eloping, it is often the practice, in the course of clinical observation, 
to make roojitgenographic records of the diseased parts. The records 
ate generally taken with a view to ascertaining the extent, severity and 
character of the changes in the soft tissues and, more particularly, of 
those in the hones. But the sparsity of pathologic studies of bones 
gangrenous extremities necessarily limits the intelligent roentgeno- 
grajihic interpretation of any changes that may exist. 

I lie presence of extensive roenfgenographic changes in all of the 
hones of the right lower e.xtremity of a patient for wliom a diagnosis of 
thrombus in the riglit common iliac artery, probably extending into the 
aorta, was made, ga\-c stimulus to our stud}' (fig. 1). By this work 
we hoped to clarif}' the subject of histopathologic changes occurring in 
the hones of surgically amputated extremities Avitli vascular occlusion 
and resultant partial gangrene. One of our special objects was to coor- 
dinate particular histologic changes with corresponding roentgenographic 
abnormalities, thus providing a factual basis for roentgenographic inter- 
pretation. Eight specimens were studied ; in most instances an opportu- 
nity was afforded for the gross and histologic investigation of the femur, 
tibia and the tarsal, metatarsal and phalangeal bones. We were par- 
ticularly interested in ascertaining the condition of the bones high above 
the level of gangrene and infection. In evaluating the gross, roentgen- 
ographic and histologic changes, the necessity of due regard for the 
role played by infection, inactivity and the so-called trophoneurotic 
influences was borne in mind, 

Mueller ^ seems to be the only person who has previously undertaken 
an inquiry of this nature; he examined the bones from four lower 
extremities, amputated because gangrene of as many as from two to 
three toes had proceeded from arteriosclerosis and vascular occlusion 

From the Laboratory Division and the Radiographic Department, Hospital for 
Joint Diseases. 

1. Mueller, W. : Beitr. z. klin. Chir. 138:614, 1926. 
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spongv trabeculae stained well and were not dcgcncralul._ ^ ; 

sidered necrosis or death ot the bone cells ot the corlicnl inUssti .. 
lamellae (or others at a distance from the haversuui canals) to be the 
direct effect of disturbance and diminution of the circnlaUon and C'>n- 
cluded that this demonstrated a differential rcaclioii of the hone ci ll> 
to partially diminished circulation, the cells of the interslilial laniellat; 
of compact bone being particularly sensitive in that respect. 1 he tm fa- 
vorable anatomic position of the cells was considered resjmnsiblt. foi 
their greater susceptibility. Furthermore, Mueller reported that the 
myeloid and connective tissue elements of the marrow were in all h'ur 
instances well pre.sen'ed, and that they showed no cvidcncc.s of osteogenic 
activit)", nor were regenerative phenomena apparent to any degree in 


the bones. 

For the purpose of control, -tiuellcr cKamincd a nninher of corre- 
sponding hones from older persons without gangrene, who ranged in 
age from 70 to 89 years. In these subjects absence of nuclear staining 
of the interstitial lamellae of compact hone could also be observed, hut 
it was never of such regularity or extent as that which developed in 
the arteriosclerotic patients with gangrene ; the degree was on the whole 
proportional to the age. Likewise, no regenerative phenomena were 
found in the bone or the marrow of these specimens. In the control, 
nongangrenous extremities, extensh-e changes in the bone, he believed, 
could he related to the existence of arteriosclerosis. 


INTERSTITI.VL L.VMELL.’iE IX THE COVIP.VCT.V OF OUR CONTROLS 

There is no doubt that j^Iueller was correct in emphasizing that 
the cells of the cortical interstitial lamellae in his amputated specimens 
bad a greater susceptibility and tendency to die. This predisposition 
exists even in normal bone, despite the lack of attention focused on it 
by histologists generally. The nature, the mode of formation and the 
iwsition of the interstitial lamellae of normal compact bone bespeak 
t le unmistakable inherent disposition favoring such susceptibility. Our 
own histologic studies of bone have indubitably indicated this predilec- 

sviej"' oW and splintered haversian 
s>-tems. in the disintegration ot these systems, interstitial lamellae form 

< .mportant supporting mass for newer haversian systems and as a 
re ult become disadvantageouslv placed for the rereint 

Tl« ,s ,l,e fate of the cells of fc iMerstitial lamellae of eorn^tt 
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I)oni; aloiK' ; where vor hone cells arc clisadvaiitagcously situated for the 
reception of nutrition, they tend to die. A simple example of this 
lemlency is the condition of (he deeply placed cells in a compact and 
stlei osing calvanuni ; here the deeply embedded cells between obliterated 
or obliterating diploe evidence the greatest absence of staining. A slight 
degree of degeneration and death of the cells of deeply placed lamellae 
of compact bone are normal manifestations even in young adults; with 
inci easing age the degree and extent become progressive, provided the 
bone always remains compact. This gives no abnormal appearance 
roentgenographicall}'. 

1 he foregoing .issci tions arc based on a study of numerous sections 
of bone observed in the course of routine examinations and specifically 
on (he character of the changes seen in the femurs of six patients (rang- 
ing from S to 62 }’cars of age) who died from various causes and whose 
extremities were not gangrenous. Cross-sections were taken through 
the middle of the femurs.' 


C.\si: 1. — One of tiic si.x paticnls, a woman, aged 36, died of cardiac failure, 
associated witli rheumatic endocarditis and terminal pulmonary infarction. The 
cross-scclion of the femur showed normal general architecture, the haversian canals 
being of the usual diameter. On the whole, the cells and the ground substance 
of tiic haversian systems stained well. An occasional haversian system with a 
plugged central vessel was observed, and naturally the nuclei and the ground sub- 
stance of an osteon of this sort stained poorly. The interstitial lamellae through- 
out the section stained more poorly than the rest of the lamellae. In some of 
this interstitial bone all of the nuclei were absent from their lacunae; in other 
portions only a few poorly staining cells were to be seen, and in still other areas 
as many as half of the cells were in evidence. The inner and outer ground lamel- 
lae were for the most part as well preserved as the haversian lamellae, while the 
cells of the spongy trabeculae stained well; the marrow also showed nothing 
abnormal. r 


The foregoing description applied generally to several of the sections 
of the other femurs studied (fig. 2). There were variations dependent 


2. In studies of this nature, the utmost attention to technical details in the 
methods of preparing the sections is imperative. Otherwise, the appearance of 
artefacts, particularly in sections of compact bone, invalidates the usefulness of 
the examination. First, in preparing compact bone for histologic study, it is neces- 
sary to take thin segments from 2 to 3 mm. in thickness for fixation; next, these 
segments should be fixed promptly after removal from the body. For the best 
preservation of the cellular elements, we prefer a fixative containing bichromate 
melly’s fluid); decalcification with 5 per cent nitric acid is then satisfacfoo^ 
embedding must be in pyroxylin (celloidin) or the sections will be fragmented 
careful staining with hematoxylin to the point of overstammg and prop^r d^co^r - 
zation and differentiation are also necessary. Emphasis on these 
seem elementary, but it is vitally important to observe these rules m obtainu^g 
reliable as well as good histologic sections. For further d^mls the reader 
referred to other publications (Jaffe, H. L.: Methods of Histologic Study 
Normal and Diseased Bone, Arch. Path. 8:817 [Nov.] 1929. Riemer, B.. J 
Techn. Methods 13:72 [March] 1934). 
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Fig. 1. — A roentgenogram demonstrating the character of tlic lesion* in some «'! 
the bones of the foot. General porosity is apparent: small. puiKtate arc.as o{ r.arc- 
faction are clearly seen; these are pronounced in the compacta of the metatarsal 
bones. 
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on the ap of Die patient, tlie nature of the iilncss, the character of 
the ferniniadn.tr rlisease and <ither features. Even in the femur of the 
8 year idd .subject, the cortical ititer.stitial lamellae showed a leaning in 
the .same direction. 


Ca.si; 2.-I11 :,ii..i1rt a woman, aged 44, who had progressively lost 

weight for ahoiit a year and who died of atrophic cirrhosis of the liver and its 
usual concoiuitanls. the femoral section disclosed the presence of a moderate degree 
of simple osteoporosis, 'flu’s was not siiflicicnt to reduce the interstitially placed 
hone tnaferially ; tlierefore if showed fairly large areas with absence of nuclear 
staining. 


C.\si. . 1 . 1 he femoral .section of one patient who died shortl}' after admission 

to the hospital 01 iniarction of flic cardiac nin.scics due to coronary occlusion also 
presented a slight degree of osteoporosis, 'fhe patient had sufTered from diabetes 
mellitus of moderate severity and .showed at postmortem e.vamination, in addition 
to other changes, extensive generalized arteriosclerosis; tlie femoral artery in the 
vicinity of the region from which the piece of femur liad been removed evidenced 
dcllnite thickening with medial sclerosis and early calcification. As in the other 
sections of hone, the cells of the interstitial lamellae stained most poorl)', but, 
citrioiifly enough, the changes were less advanced than those in the other cases; 
that death occurred rather cjuickly may account for this. 


W'hat conditions the greater susceptibility of the cells of the inter- 
stitial lamellae is unknown ; whether its prevalence depends directly on 
Die advent of arteriosclerosis in the extra-osseous blood vessels is a moot 
question. Whether disintegration and death of the cells of deeply placed 
lamellae of compact bone precede the inception of such changes as are 
produced by senile osteoporosis or whether they contribute to the induc- 
tion of brittleness so often found in senile bones is still open to 
investigation. 


BOXES OF EXTRE:^tITIES IN WHICH CHRONIC VASCULAR DISEASE 
LONG PRECEDED GANGRENE 

In this laboratory during the past few years there has been a striking 
reduction in the number of extremities received that \vere amputated 
because of gangrene. This is only a reflection of the great improvement 
in the clinical care of patients ivith impending gangrene. Previously, 
its first appearance in the toe of a diabetic patient was usually the signal 
for high amputation to eliminate any possibility of progressive infection 
and diabetic coma; now, on the contrar}^ conservative measures often 
result in recession of the serious local changes. Often, too, patients 
wdth considerable organic vascular disease of the extremities may 
entirely escape amputation, although they have been in imminent danger 
of extensive gangrene. When such a patient finally has to undergo 
amputation, it is usually because the infection^ cannot be controlled, 
although treatment may have dela3^ed the necessity for amputation or 
months. Thus, the long interval of time allows such factors as intec- 
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inactivity anti ti,c so-ca«=ti 

to the Circulatoi-v disturbance, to assert thcntscUc . In met tin 
ond natural tendenev toward the devdopntent ot cnllalcral cucu.-Un u 
frequently reduces to a place of second iiuporiance the ettea ninth < n 
vascular obstruction has on the changes nt the hones. _ 

These premises are borne out by the results of exnnunation oi du- 

right lower extremity in the following case : 

Case 4.-A man, aged 68, bad bad bis left lo\vcr_ cxtrc.uUy aminU.aUti 5- ur 
rears previously because of gangrene of tbc toe.t. Diflicully wilh ll'.c m.: U 
extremity began about two years before bis last adm.ssmu. At that tnur t.x rmi.t 
foot suddenly became cold and insensitive; be snfTered^ from cramps m tlir if. , 
and could not walk. Examination then revc.alcd areas of aneslbcsia over t,w 
surface of the foot; a bluish discoloration at the lip of the large Ifi-. in tb.o 
vicinity of the toe-nail, appeared; finally this area was converted into a gam: rcr.’ 
bleb. With conservative treatment the patient's condition slowly iinpro'. ul, >br 
local symptoms receding, so that be was able to leave the hospital. .M’ftil a yr.ir 
later gangrene appeared in the toes, progressing slowly; during this lime part* 
of the foot sloughed off. Finally a fulminating infection necessitated rcadm!s>.ion 
for amputation. For almost a j-ear and a half the patient bad been confmed to I'd. 

The amputated specimen demonstrated considerable infection and slongbiiig oi 
the foot ; some parts of the tarsal bones were visii'lc through the slough ; the 
infection and ulceration extended a distance up the leg. When the soft tissues 
of the leg and ankle were dissected, necrotic muscles, lendous and fascia! tissues 
were everywhere encountered. The popliteal artery was extremely atheromatous 
and calcified, as were the anterior and posterior tibial arterie.s. 

All of the bones were greatly affected even grossly; the femoral cortex w.as 
thinned as a result of a pronounced eccentric atrophy that had considerably 
enlarged the marrow cavitj- ; anteriorly the cortical reduction had proceeded to such 
an advanced degree as to leave a mere shell, plainly eroded on the inner surface ; 
the vascular canals of the femoral cortex were visibly enlarged; the medullary 
cavity contained soft, almost liquid, fatty marrow' and delicate bony trabeculae 
(fig. 3). The tibia also cut with great ease; the upper portion of the medullary 
cavity was likewise filled with soft, fatty marrow, while in the lower third the 
marrow contained a number of liquefaction cysts. There was edema of the peri- 
osteum, and subperiosteal osteopbytic new formations were observed in its upper 
portion. The tibial cortex, although not greatly thinned, was much more porous 
than normal. 

Both the astragalus and the calcaneus were atrophic to such a degree that 
they could be compressed between the fingers; they were the only tarsal bones 
which were complete and which retained their original shape and position. Within 
the astragalus there was a large triangular, wedge-shaped, whitish-yellow focus 
ot l»nc which was definitely demarcated from the surrounding bone; this extended 
to teneath die articular cartilage and occupied a large area in its posterior 
extremity. There was a similar but smaller triangular focus of necrotic bone at 
be anterior extremiU- of the astragalus. Otherwise, this bone and the calcaneus 
.bowed extensive resorption of the spongy trabeculae; large portions were occupied 
by soft, fatty marrow. Grossly, these bones did not present evidence 




Pig. 4. — a triangular, wedge-shaped focus of necrotic bone in the posterior 
portion of the astragalus. The pronounced rarefaction of the rest of the astragalus 
and calcaneus is evident in this photograph, which is slightly reduced from normal 
size. B, roentgenographic appearance of the same necrotic focus in the astragalus, 
which casts a dense shadow (fig. 6). 



jAFFE-POMERAKZ-BONES of AMFUAIED },Mhl.-'Ai! 

- ■" ■ 
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confirmed the gross appearance 
fied cortex 
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:cr On die otlrer hand, there rvas little cortical rcsorpt.on .ro,n 
L. Furthermore, the sections revealed that many of the have c. . ... 
dcularly near the periosteal surface - l^e cor.x contm^ 


spaces, 
side, 

itemir'rfto sSr ’"'.rt'rrr,. ‘• 

addition, some of the nuclei of other haversian systems aUo 'Ic.tn.uM,. . o r . 
staining; in places the nuclei were entirely absent frmn them acuunc.^ 1 ,.c ..tc - 
stitially placed bone, however, most pronouncedly dlnst rated the abfc...x c. i , 
from their lacunae, but this bone was relatively slight in amount (fig. 
longitudinal section through one of the femoral condyles disclosed rat.icr 
staining of the nuclei of the spongy trabeculae aud of the intcrtr.aliccular t.i! 
Cross and longitudinal microscopic sections from the tibia sV.owcd, aside from th.e 
rarefaction due to eccentric atrophy, absence of nuclear staining from the m'er- 
stitial bone as the principal feature. 

The microscopic examination of the astrag.alus (Icnionstrated the j.'^icru'r, 
triangular, wedge-shaped, infarct-like area to be composed of thick, sjnmgy tra- 
beculae of dead bone; the marrow between the trabeculae had not been vri'cular- 
ized; this infarcted area was surrounded by vascular, fatty marrow, but none f.i 
its vessels had penetrated the necrotic marrow within the infarct area. The 
articular cartilage overlying the infarcted area was also necrotic (fig. b). Tlie por- 
tion of the astragalus that had become atrophic through disappearance of the 
trabeculae contained somewhat vascular and edematous fatty marrow ; witliin this 
marrow a number of newly formed osseous trabeculae were to be seen, as well as 
a moderate amount of newly proliferated fibroblastic tissue. At tlic base of the 
bone, a large area of subchondral infection was to be found; no evidence of 
thrombosis of the nutrient vessels was discovered. The spongy trabeculae of the 
calcaneus were pronouncedly atrophic; the intcrtrahecular fatty marrow was 
edematous and showed engorged blood vessels. The nuclei of the atrophic 
trabeculae stained well. The fat and soft tissues about the bone were infected : the 
infection which extended along the achitles tendon invaded the lx>nc and produced 
local areas of osteomyelitis. Thus in the astragalus and calcaneus much of the 
atrophy apparently was due to infection and inactivity, while the infarct-like 
lesions were to be attributed to occlusion of the vessels supplying these areas. 

That arterial disease of long standing may exist when the bones 
<lo not show significant roentgenographic changes was brought out by 

a number of our specimens, one of which is described in the succccdiim 
paragraphs. ^ 

of tTn with a historv 

nocturnal. Ko dorsal pedis artery was palpated. After medical theranv t, ’ 
earned out for two months, the patient was discharged On 933 ?! 

uas readmitted because of the sudden appearance of gan-rene of the’ left ! 
and an ascending inflammation of the proximal part of Se foof A h LPl 
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rig. 5, — An c.xtrcmcly rarefied and spongified femoral corte.':; the enlarged 
spaces are filled with in\-eIoid marrow; the resorption from the periosteal 
side is insignificant. The pronounced enlargement of vascular canals resulting 
in the formation of large spaces lias reduced the cortical thickness to the degree 
observed in figure 3. The intcrstitiallv placed bone is relatively slight in amount; 
X 30. 



Fig. 6.— The thick but necrotic trabeculae of the triangular, wedge-shaped focus 
in the astragalus demonstrated by figure 4; X 3. 



The specimen sho^«d . 

as the metatarsal phalangca y especially on their ventral snriacc . 

discolored, from reddish pnrple _ prank pnrnlcnt infcctmn v.a^ a. 

small toe showed no evidence o g anywlierc. Hv: n'.'.n 

from the gangrenous toes , t icrc . - preserved ; wh.eii th.c •.;•■' ■ 

of the leg were found to he p, el .tea sh-nvcl m thin 

was carried to the foot the tissues regions the tissues were heiv/'t:’. 

particular except edema; in the gangrenou . ^ dorsalis pc<ht arteries ■ 

Ld edematous. The anterior tibial. posterior t.bial and t. 


i.'.t 

d.-n 



Fig. 7. — ^The roentgenogram of the foot of a woman, aged 59, in whom gan- 
grene was impending for some months; amputation was performed because of 
gangrene of several toes, which appeared suddenly. Nothing striking is seen except 
the rarefaction of the terminal phalanx of the large toe. Compare this with 
figure 1. 


found to be occluded by a thrombus. Roentgenograms of the specimen were taken, 
but none of the bones of the foot or leg showed anything striking in the film, 
although the terminal portions of the four toes were definitely gangrenous ; at most 
there was only the slightest indication of atrophy of all of the bones. This, con- 
sidering the age and previous disability, is comprehensible (fig. 7). 

Microscopic sections of the tibia showed that most of the cortical interstitial 
lamellae stained poorly ; some of its cells still stained fairly well ; most of the 
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cells .-ilKxrt tlic Iiavcrsinn Intncllac stained well. Ximierous sections from the other 
hones, fnrthcrniore. deinon.strated that tlie more closely situated they were to the 
sites nl unpaired cirrnlation, il,e yrealer was the nonstaining of the bone cells; 
always it was the dcejily situated cells that were degenerated (fig, 8). The large 
toe. which slunvcd massive gangrene of the soft tissues, demonstrated the greatest 
degree of devitalization of its hones. 


J’otir otlicr .sjK'ciineiis from patients suffering from arteriosclerotic 
gangrene of a lower extremity, with or without attendant diabetes mel- 
litn.s, re.scmhlfd the two .specimcn.s detailed earlier. All six specimens 
illustrated again what lias been repeatedly stressed; No matter how 
advanceil the organic vascular di.scasc may be, no matter how long since 
the incejitinn at the vascular disturbance, no specific or characteristic 



Fig. 8. — The corte.x of the proximal phalanx of the second toe of the foot is 
shown in figure 7. Grossly, the bone was apparently normal. The soft tissues 
about the bone were not gangrenous. Microscopical^^ the cortex showed exten- 
sive areas of absence of nuclear staining. Roentgenographically this phalanx 
showed nothing unusual; X 150, 

changes in the bones are consistently demonstrable roentgenographically 
(this"’ is in marked contrast to the well known changes produced in the 
terminal phalanges and evidenced roentgenographically by Raynaud’s 
disease and scleroderma). This roentgenographic and histologic corre- 
lation demonstrated, furthermore, that unless the histologic processes 
were clearly understood, a strong possibility for misinterpretation ot 
the roentgenograms exists. For instance, the bones of a gangrenous 
toe may appear roentgenographically normal, while histologically Ys 
phalanges may show an extensive, purulent infection of the medullary 
cavities; osteomyelitis, therefore, exists, but the roentgenologist is at 


aloss to recogi^ue U. as no o/!Ik soil tissln•^ al-n; 

metatarsal bone ma) be r\iUm no a'ljninir.u <<-.u - ; 

shadows ot such bone be even s larp • ldst''h''4!<'ady 

by contrast, the contiguous bones ' 'numhudv r.c erotic, 

te more dearly deftned hones arc hkcl> to he erntpet . 



Fig. 9. — Demonstrating part o{ the temur, tibia and fibula of a patient in 
whom an acute occlusion of the common iliac arteri’ was followed a few mosiths 
later by marked rarefaction of ail of the bones of the extremity. Collateral circu- 
lation was adequate to prevent immediate gangrene, although it was not sufficient 
for normal nutrition. Figure I shows the roentgenographic changes in the bones 
of the foot of this patient. Figure 11 shows the character of the microscopic 
changes in the femur. 

They are sharply outlined hr comparison with their neighbors because 
they have undergone rapid necrosis, while the neighboring bones may 
still be viable, thereby allowing atrophy to supervene. 

If a bone or part of a bone becomes rapidly devitalized and it cir- 
culatory adjustments are made so that blood is resupplied to the bone, 
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llH. ho. 0 «• „ I. havo not „„<lorg„„o a rovivc.sccnce Iteco.no rcsorbecl 
.. Kl toplaccl .,v non- bone. In tl,,'., ovcnl, ll,c later roentgenograpltic 
. Pl«.rance nail ho that of „ p.ntclatc rarefaction (figs. 1 and 9) 

H.'i imnilalo .s|,a,i„n.,, „f ,„croa,,o(l |XT,neahilily are the result of 
. ..ttontont of |.rov,o„,,ly e.eisiont vcs.sol canals and cortical erosion, 
|...tiot,l,,rly from ,|,o perio.steal side. In regard to the latter feature, 



Fig. 10. — Roentgenogram of part of the foot of a man, aged 43, who suffered 
from thrombo-aifgiitis obliterans. On admission the foot was swollen, but the leg 
on that side was atrophic; the dorsalis pedis artery and the posterior tibial artery 
were not palpable; an indolent ulcer was present on the dorsal surface of the 
second toe. Note the rarefaction of the bones. The roentgenographic appearance 
is suggestive of Sndeck’s “acute atrophy.” Compare this roentgenogram with 
figure I. The rarefaction shown in figure 1 was due to the resorption and erosion 
of necrotic bone. 


diabetic patients with arteriosclerosis and gangrene are so predisposed 
to extensive infection that if amputation is delayed for a considerable 
time, the badly devitalized bone, because of infection, is a potential 
infected sequestrum and therefore is not regenerated. In arteriosclerotic 


jaffe-pomeraxz^bonp-^ of AMrVTArnn extrema no:^ 

mtients therefore, some degree of chronic atrophy hkely to he enronn- 

Led ro’entgenographically in the absence ol trnnlc cinneal gangre .1. • . ' 

infection, rvhich compheate the picture. . , , . n; 

Xo cases of thronrbo-angiitis obliterans arc nichn e.l ’>^^ 5 ns bi.^ . 
study, as none n-ere available for examination. 1 ns 
to the value of the conservative medical treatniom tb.il 1. ^ ‘ 

these patients rvithin the last fexv years. \Ve have, hmveivr. m < n 
roentgenograms of the feet of many such patients with 
gangrene or xvith marked circulatory disturbance without g.inc'ff-K . 
these bones are prone to show the spotted, jnmetate ai)i»earance 1 tig. b* t . 
Since we have not had hones of this sort under histologic f.h'^ervatio.n, 
we cannot say with certainty what conditions stich rnentgenoyi.iphit 
manifestations; it seems fair, however, to infer that the sj'ottefl appeal- 
ance is the result of substitution of new bone for devitalir.cd Ivni' by 
the process of creeping replacement, and that the shadows which arc 
due to increased permeability are the result of cortical ero-ion and 
enlargement of spaces in the vessel canal. 

BOXES OF EXTREMITIES .\FFECTED IlY .XCCTE V.\Seri,.M; OCCI.I SION 

It is well known that obstruction of an otherwise normal artery m 5 ]>- 
plying an e.xtremit}- need not lead to necrosis and gangrene of the part. 

If circulatory interference has been severe, the histopathologic changes 
in the bones will depend on the completeness of the circulatory inter- 
ruption, the length of time that elapsed between the onset of the 
gangrene and the amputation and the degree of circulatory restoration 
that had been spontaneously inaugurated. Thus, when there is prom]it 
amputation, the histopathologic examinations may in certain instances 
disclose extensive or little necrosis of the bone, but in anv event the 
roentgenographic studies will demonstrate that such bone casts rather 
normal shadows. On the other hand, if injur}' to the tissue has been 
sex ere but considerable circulatory restoration has delayed the amputa- 
tion for a long time, both roentgenographic and histopathologic changes 
are observed. 

The approach by experimental study to more definitive information 
as to the effects of acute vascular occlusion on the soft tissues and bones 
of the extremities has not been productive of much enlightenment It 
has proved extremely difficult to produce gangrene in an extremity of 
an experimental animal through vascular occlusion; to do so. one must 
eliminate the possibility of the development of a sustaining collateral 
ircu ation , in normal animals, the absence of serious functional imnair 
incut at the time of ligating the vessels makes the prognosis good ns 
regards viability of the part. The following experimStaTe™,! 
attest to the great difficulty of producing changes in the bone in^the 
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adult ainin.'il or of uinucncing the growth of the bones of a younm- 
animal. Latarjef'’ ligated the femora! artery in young rabbits, while 
Ju sti)l younger rabbit.s !ie Jigafed the femoral artery and destroyed 
(lie munent ves.sel of tlie tibia; in spite of these procedures, he observed 
no (h.stnrbance.s in the growth of the bones in any of his animals; the 
obturator arterie.s became the main source of arterial supply to the 
e.xtreinities on which ojieration Jiad been performed. Grey and Carr,^ 
working with dogs and rabbits (of no stated age), concluded that venous 
eongestiim tlirough occlusion of a large vein led to no recognizable 
ch.mgc.s in the bone structure of the parts on winch operation had been 
pet loiiucd ; while local anemia due to arterial ligation likewise occasioned 


no atrojiliies of the hone as long as the part remained functionally 
acti^■e ; these conclusions u’erc based solely on roentgenographic studies. 
In ligating in rabbits llic external iliac artery or vein or both simulta- 
neously, J^ciiassi found no changes in the growth or in the histologic 
and roentgenographic appearances of the bones ; some of the animals 
were adults and others about 1 month of age at the time of operation. 

However, Brooks and Martin ® induced gangrene in the lower 
extremities of about 72 per cent of their rabbits when the common iliac 
and c.xtcrnal iliac arteries were ligated proximal and distal to the origin 
of (he hj'pogastric artery. In a second series in which there was added 
to this procedure ligation of the common iliac vein, the incidence of 
gangrene was only about 33 per cent. Holman and Edwards'^ also 
obsciu'ed that \\dieii the common iliac artery and inferior vena cava were 
simultaneously ligated in eigliteen rabbits, gangrene developed twice, 
while in ten rabbits in which the common iliac and external iliac arteries 
and the inferior vena cava were simultaneous!}’’ obstructed gangrene did 
not occur. 


Only ^vheIl an experimental vascular obstruction is severe enough to 
produce gangrene of the soft parts are changes in the bone also dearly 
manifest; at such times, necrosis of the bone results. With frank, 
irreparable gangrene of a part, all of the tissues die and consequent!} 
nothing special can be said concerning the distincti’i'e behavior of such 
bones under experimental conditions. Burckliardt’s ® experiments shed 
little additional light on this subject; he wound an elastic band as tightly 


3. Latarjet, A.: Compt. rend. d. I’Assoc. d. anat, supp., 1912, p. 72. 

4. Grey, E. G., and Carr, G. L.; Bull. Johns Hopkins Hosp. 26:381, 1915. 

5. Benassi, E. : Arch. ital. di chir. 28:49, 1931. 

6. Brooks, B., and Martin, K. A.: Simultaneous Ligation of Vein and Arter}', 
J. A. M. A. 80:1678 (June 9) 1923. 

• 7. Holman, E., and Edwards, M. E.: New_ Principle in Surgery of/fg 

Vessels ; Ligation of Vein Proximal to Site of Ligation of Artery ; Expe 
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as possible around the forelegs above the ^vrists of r;rhhhs ) ^ " 

Jnths old, the elastic being pernuttod to rein.yn 
of time up to more than twelve hours; alter ; ’• 

necrosis of the part occurred; many of the annuals bannaued n-, . 

than trvelve hours showed paralysis, ulceratrnn ami complex . 

hair in the affected part; the damage to the part wa< mr lln- whmr p..- 
portional to the length of time the elastic was ajrplud. i.hr tin- 
of histologic examinatiorrs, Burckhardt believed tli.vt re CnU', i.u.a .r 
strateby these experiments a greater sensitiveiress of the bnr.o t-* vascular 
injury, as the necrosis of the bone was observed hnig ntt<.r all t.aa «ii 
the injury to the soft parts had disappeared. In the ri'Uentr.minn m 

bone, the irecrotic portions rrnderwent creeping rejdaceincnt (it !' ino.- 

esting that Burckhardt made no particular menliim of iacimar jc-o.j''- 
tion) ; most of the regeneration was from the marrow sidle, with itnnio 
tion of endosteal bone. It is worthy of comnront. in conirection wi/n 
the theme of this paper, that Burckhaivk found roenigenologii: stinl^ 
of the extremities of no value in drawing conclusions conceririru; con- 
ditions of the bone during regeneration. 'Ihcrcfore, all that can be 
gleaned from these experiments is that when hone and marrow arc 


seriously but not irreparably injured by circulatory ohstructioti.regcucra- 
tion of bone proceeds surely but more slowly (as i' natural ) than 
regeneration of the soft parts. 

The bones of the right lower extremity of a colored man. aged -15. 
demonstrated the extent to ^Yhich changes of the bone may proci-ed 
after acute vascular occlusion. 


Case 6. — ^W'hile walking the patient suddenly experienced pain in the ri.cht 
lower extremity, which began on the inner aspect of the sole and radiated ns higli 
as the middle of the thigh. The sudden attack of pain was immediately followed 
by a feeling of numbness from the knee down. As the patient expressed it, the 
extremity "felt dead,” and it was unable to bear weight. Five months later he was 
admitted to the hospital, when the right lower extremity was atrophic; femoral 
arterial pulsation was not palpable; the blood pressure in the involved extremity 
■"as 0 systolic and 0 diastolic, while in the left lower e.xtremity it was ISO systolic 
and 96 diastolic; there were paresthesia and coldness of the diseased limb hut no 
gangrene; the Wassermann test of the blood was negative. AH of the indications 
(me uding a roentgenogram of the pelvis which showed a shadow in the region of 
e right common iliac arterj-) pointed to the existence of a thrombus in the 
common ihac region, possibly at the bifurcation of the aorta, the clot straddling 
circulation was adequate to prevent gangrene, though not 
normal nutrition, for pain in the extremity was becoming progressively 


bones of the extremity revealed extensive changes ; dis- 
areas of rarefaction involving both cortical and spongv 
cesuU tbemsdves as round or somewhat elongated shadows, the 

canakssT radiation. In addition, the bones evermvhere 
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u. tx.MnKc nf a KciUTnlizcd lympluulcopathy prorT.ptcd the removal of a 
U.md from i!,c nwlit mp.mial rc-frio,,; the day following, a burning sensation 
dtM-Ioped Ml file right fool; four days later, trophic disturbances over the foot 
ucre tnnrc inarhed ; within ten days, ulceration of the skin at the base of the great 
oe appeared ; wilhin three weeks dermilc dry gangrene of the large toe and of the 
third and tonrtli toes with superficial ulceration was manifest; five weeks after this 
ino[)sy and an amputation at the midthigh were performed. 

nissection of the s(iecimen, whicli consisted of the right foot and leg and the 
hover H niches ( JO.di cm. ) af the femur, disclosed an c.vtremcly marked atrophy 
ot the sott tissues. The large toe was gangrenous to the metatarsal phalangeal 
joint, aiul this was the condition in regard to the other toes. Dissection of the 
aiuenor and iio.slerior tihial arteries showed that neither they nor the branches were 
occluded: tile hmien of the popliteal artery was patent; this was likewise the case 
in regard to the portion of the femoral arterj’ that came with the specimen. On 
Instologic study, the vessels were found to have thickened walls, while some of 
them, (xarticnlarly the [Kiplifeal arfcri', showed considerable medial sclerosis and 
intinia! tliickcning, but none of the vessels in the regions examined showed evi- 
•Icnccs of tliromlKisis or recannlization. Tiic muscles of the calf were extremely 
atrojdiic, wliilc the muscles of the foot were somewhat infected. 

^^'hcn the muscles and periosteum were stripped from the amputated portion of 
the femur, enlargement of the longitiidinaU}' directed vascular canals was apparent, 
and thinning of the anterior portion of the corte.x was obvious. When this bone 
w.as oi>cncd longitudinally, it was seen that the marrow cavity was enlarged from 
the endosteal side; tiic spongy trabeculae were definitely thin, and the marrow was 
fatty. Longitiicliiial sectioning of the tibia revealed atrophy in its upper third; the 
spongified diapliyscal corte.x measured as much as from 10 to 12 mm. in thickness. 
The astragalus and calcaneus on section were atrophic and fatt}’. The toes showed 
gangrene and infection of the soft tissues and osteomyelitis and necrosis of the 
phalanges and possibly of the heads of the metatarsal bones. 

Histologic examination of the femoral cross-sections demonstrated widespread 
aseptic necrosis ; the original compacta (from periosteal to endosteal surfaces) was 
almost entirely dead. Some revascularization of the dead bone was in evidence, 
and as a result numbers of haversian canals were much enlarged; through fusion, 
some of the enlarged ones had produced wide haversian spaces; the widened, 
revascularized canals and spaces were lined by newly deposited bone and were filled 
with a loosely cellular connective tissue containing numerous blood channels 
(fig. 11 ri and B). Extensive necrosis of the compacta was likewise apparent in 
tibial cross-sections, the innermost portions staining most poorly; resorption and 
revascularization were occurring from the periosteal side. The fatty marrow was 
edematous. 

On histologic section the calcaneus evidenced extensive necrosis of the trabeculae 
and degeneration of the associated fatty marrow; however, evidences of revascu- 
larization of the marrow were to be found. The revascularized marrow contame 
deposits of new bone on the walls of some of the trabeculae; other trabe^lae 
seemed to have undergone revivescence as a result of the revascularization. Were 
and there, the fragmentary formation of connective tissue bone m the marrow was 
noticeable. To a great degree, the astragalus illustrated similar L _ 

tures. While its articular cartilage still showed nuclear staining the 
chondral trabeculae were for the most part completely necrotic ^evascular zat 
of the astragalus was in progress; some of the original trabeculae 
process of resorption, and some of the necrotic marrow was being invaded } 
siderable granulation tissue. 



I , .iv necrotic, init rcf.corr.-.tn ; 
bone. «,o c,..:. 

i„p,.g,«,,panic„larlyf,cm .l.c p ™ .»^ ,, 

tissue had led to enlatscmcii 0 „( the .■,efr"lic tea'"" 
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Fig. 11. — A, the femoral cortex in cross-section, demonstrating revasculariza- 
tion of dead bone ; the haversian canals are enlarged ; through fusion, wide haver- 
sian spaces have appeared. ^luch of the bone between these spaces was dead. It 
is plainly evident why the roentgenogram of the femur shows marked rarefaction 
(fig. 9) ; X 30. B, a higher magnification of an area represented in figure 11 A. 
The enlarged spaces are lined by newly deposited bone and are filled by loosely 
cellular connective tissue containing numerous newly formed blood channels ; 
X 130. 
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arlinihr rarlilagcs of llicsc bones iverc, on tbc whole, well relaincci ffie 12) The 
|.l.al.,„ses , lemons, ro.e, I sin.ll.wl,- „,e oeginal bone had nnder™; eittnS 1 
o,- coraplele necros.s and ,l,a, rev.ascnlartaion was actively in IZrcT r^ 
n..croscop,e changes m ,l,c bones of Ibe fee, made explicable he roenm nogranht 
appearances.; , he hnear and oval shadows of increased permeability ,o S we™ 
(lie result oi (lie resorption of the originalb' necrotic bone. 


However, wlicn revasailarizatioii, resorption and osseous transfor- 
mation arc slow in appearing or do not proceed to a considerable degree 
bciorc ampuitition is performed, the roentgenogram of a gangrenous 
c.xtrcmit}' may show essentially negative results, although bone necrosis 
may be widespread. This is confirmed by the examination of the right 
foot and leg in the following case : 


Cask /.—A man, aged 26, was apparently entirely well until five weeks before 
admission to (lie hospital ; at that time, cough and fever appeared. Two weeks 
bciorc admission, he suddenly felt that his right foot was numb, cold and heavy 



Fig. 12. — The necrotic and rarefied cortex of the fifth metatarsal bone is shown. 
The cortex is thin, and the enlarged spaces are filled with inflammatory exudate 
(compare with figure 1) ; X ^0. 

without attendant pain ; the toes also blanched. At admission, the toes of the right 
foot were black, and there were two red-black areas on the leg with lymphangitis ; 
a blood culture was sterile; the blood sugar was normal. Amputation was per- 
formed two weeks after admission, or one month following the onset of the symp- 
toms in the extremity. 

The specimen consisted of the lower 6 inches (15 cm.) of the femur and the leg, 
and foot; a drj-^ gangrene involving all of the toes and extending ventrally to the 
heel and dorsally over half of the surface of the foot was revealed. On the dorsum 
of the foot there was a line of demarcation above which the tissues were not black 
but discolored red ; at the line the skin was interrupted. Posteriorly, the gangrene 
extended up from the heel to about the middle of the leg, where there was a sharp 
dividing line ; at this line the skin was again interrupted. The demarcating line 
observed exteriorly was likewise seen in the muscles of the leg; the muse e in t e 
gangrenous area was grossly degenerated and disorganized, in certain zones it 
was greenish and in others hemorrhagic, while that above the gangreous eve 
retained the pink color. Some of the popliteal vessels were occluded by re 3tive y 
fresh thrombi, which extended into the posterior tibial vessels ; the anterior ti la 
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ve-eh ^vherevcr tocal, %vcrc iou.ul to l>c free ironi llimniln : r... 

v^ereiound beUvccu ot the otufdc Imndlc^. ahhou<:h the tl-.e I"-: ae-i 

loot had a ioid odor. . , , , 

Histologic study ot the \-csscls demonstrated that th.c oldest 'v.>' -i 

the posterior tibial’ artery ; in this vessel there tya-^ cvitlcncc -t complete t'-’'-'";’'"- 
zation of an organized thronibws. The sections fnrlhcr disclo'-c<l that the I' 
artery was more recently plngped; there were *inly slight organ!. ant'.t r,. 
dence oi recanalization. Furthermore, the pojdite.al ami jxistcrif'f libi.al m.!.'- wf.y 
also thrombosed, and organization oi the thromhi with rccatialiratinn wa*- 
in the posterior tibial tributaries. The histologic examination materially .oo'’* .a 
interpreting the clinical phenomena that had occurred; First, th.crc wa'- u-. 
oi the posterior tibial artery by a ibroinbns; by then an ndjii'-tmcnt peri' <! < t at- nt 
two weeks elapsed, and a phlebitis appeared. The phlebitis was imgrat-iry. atul 
there was iurther e.xtension ot the arterial occhisicm. rc'-nlting in the gangrimc oi 
the toes evident on admission oi the subject. Finally, a spreading im'rrti'.n witii 
lymphangitis necessitated amputation bctorc the apiwarancc o; {rank p;w. 

The soft tissues were dissected from the Ivines. and these were c.xr.mincd by 
rocatgew rays. It was surprising to find that in spite oi the extensive cV.anves m 



■’fi 'n ^°™<^genogram ot a sagittal section of the foot of a young man, aged 
- 1 u 0 suffered from acute arterial occlusion. The soft tissues of the iivot showed 
abimiTO^ ^one oi the bones demonstrated arc rocnfgeiiogrnphically 


also rut ° bones appeared rocntgcnogrnphically tiornial ; they 

a cnrtpv"*f resistance (fig, 13 ). The roentgenogram of the tibia disclosed 

which w-3 ^tit there was slight rarefaction in portions of it, 

lower entk of enlargement of vessel canals ; the tipper and 

was likewfsp r 'I roentgenographic abnormalities. Tlie fibula 

Furth '^°®"^Senopaphically normal. 

e.xcept that fhe m bones revealed no striking abnormalities, 

I cuboid waTl'n.t ^bo marrow 

loe was much discolored’h marrow of the phalanges of the large 

be observed in the marrow of°th ' discoloration, to a lesser degree, was to 

loes was comparable to that ' metatarsal bone; the condition in the other 

abnormal in the gross evroot™*!, ^ presented nothing 

bbula was somewhat injected ^ marrow of the lower ends of the tibia and 

diat its basal half was "comolet^l phalanx of the large toe disclosed 

completely necrotic; this necrosis involved the articular 
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carliiagc, nicciullary fat and surrounding soft tissues. However, the most distal 
half of tlie bone sliowcd retention of the bone cell nuclei in most of the cortical 
area and in the spongy trabeculae, although the bone cell nuclei were pyknotic. 
'i'his was entirely in keeping with the conditions in the surrounding soft tissue, 
which demonstrated a considerable number of staining nuclei and numerous dilated 
and engorged vascular channels— apparently of some nutritional potency. The proxi- 
mal phalanx was virtually entirely necrotic, this being so with regard to the articu- 
lar cartilages, the marrow and the spongy and cortical bone. In neither the 
distal nor the proximal phalanx was there evidence of revascularization of the 
bone or marrow; the necrotic bone represented the original bone without struc- 
tural modification; the nuclei retaining stainability were those situated fortunately 
so as to receive nourishment. With regard to the first metatarsal bone, the condi- 
tions were practically identical ; The marrow, cortex and spongy bone throughout 
were dead, and there was no revascularization. The histologic study of these 
Ixnics clarifies the significance of the apparently normal roentgenographic appear- 
ance; the bones had died without any modification of their density, thereby casting 
the same shadow that the^' would have cast during life. 

Roentgen examination of the other bones of the foot also for the most part 
gave negative results, but histologic study disclosed necrosis of the osseous and 
marrow tissue of these tarsal bones or of their parts that were surrounded by 
necrotic soft tissue. AVherever infection was superimposed, the necrosis was more 
pronounced. As observed in the large toe, there was no significant evidence of 
revascularization, resorption or osseous transformation in the necrotic zones. The 
tibia and femur, on histologic examination, reflected the same general observations. 

SUMMARY AKD CONCLUSIONS 

Tlie object of this work was to inquire into the nature of the micro- 
scopic changes occurring in the bones of gangrenous extremities resul- 
tant from vascular occlusion; particular attention was paid to the state 
of the bones at some distance above the level of gangrene and infection. 
Another phase of the investigation had special emphasis — the correlation 
of the gross and microscopic changes with any changes revealed on 
roentgenographic study of these bones. Apparently, Mueller alone had 
made somewhat similar histologic studies, in which he stressed extensive 
necrosis of the celts of the cortical interstitial lamellae as the only direct 
effects of circulatory disturbance due to arteriosclerosis. Undoubtedly 
the cells of the cortical interstitial lamellae have a marked tendency to 
die. Even in the absence of gangrene, this predisposition was evidenced 
in femoral cross-sections of our control specimens. These controls were 
taken from patients ranging from 8 to 62 years of age, who died from 
various causes. Thus, this tendency toward degeneration and death of 
the cells of deeply situated lamellae of compact bone is to be considered 
a normal characteristic, progressively increasing with age; in arterio- 



jAFFE-POMERANZ-BOXES of AMPL-TATEP EXTREMIlIhS 

sclerosis ^vith ^^angrene it is more marked in the bone high above the 
gangrenous roentgenographically. ihis iealurc alone docs not re>t,U 

in the appearance of abnormal shadows of bone. 

When chronic vascular disease lias persisted for any lengl i ft tmn 
before gangrene evolves, the marked and native dispos.tK.n toward the 
development of collateral circulation frequently reduces to secondare 
importance the vascular obstruction factor per se as regards the produc- 
tion of changes in the bone. Although therapy may have tor montb'^ 
staved oft' the necessity for amputation, the long interval of time ha^ 
permitted such factors as infection, inactivity and so-called trophoneu- 
rotic influences to exert themselves on the bones. I bus. de[>endent 
on whether or not and to what extent these influences arc brought into 


play, roentgenographic changes arc present or absent in the bonC', 
although they may show definite microscopic changes (jiarticnlarly, 
extensive death of the interstitially placed bone). Six sju'cimens of 
chronic vascular disease with gangrene illustrated the absence of specific 
and characteristic roentgenographic changes as a result of chronic vas- 
cular obstruction. This study marked more clearly the need for nnder- 
standing the microscopic changes in order to interpret projicrly any 
roentgenographic evidence of changes in the bone. It was pointed out 
that the bones of a gangrenous toe, although appearing roentgenograpU- 
ically normal, may on histologic examination evidence osteomyelitis ; the 
absence of periostitis in the roentgenogram is explicable by the devitali- 
zation of the soft tissues about the bones. Furthermore, if a devitalized 
bone is revascularized through circulatory readjustments, the resorption 
and reconstruction will be demonstrated roentgcnographicallv by punc- 
tate shadows of increased permeability; they are the result of enlarge- 
ment of earlier vascular canals and cortical erosion (particularly from 
the periosteal side). Diabetic patients with arteriosclerosis and gangrene 
are so predisposed to extensive infection that their necrotic bones, 
becoming potentially infected sequestrums, show less tendency toward 
T e vascular izati on . 


One case is reported of high, acute, vascular occlusion with a long 
delay in the appearance of gangrene. Collateral circulation was adequate 
to prevent gangrene, though not sufficient for normal nutrition. Roent- 
genograms of the bones of the extremity five months after the onset of 
the vascular occlusion revealed extensive changes ; there were areas of 
rarefaction disseminated throughout and exhibited in round or somewhat 
elongated shadows, ever}'where less dense than normal. Histologic 
examinations of the bone high above the gangrenous level disclosed the 
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existence of widespread, aseptic necrosis, the original coinpacta of the 
fenmr being almost entirely dead. Revascularization of the dead bone 
was in evidence and therefore numbers of haversian canals were greatly 
widened, still more so through the fusion of some of them; the new 
spaces were lined hy newly deposited bone and contained loosely cellular 
connective tissue with numerous blood vessels. Extensive necrosis of 
the compacta of the other bones was likewise in evidence. The roento- 
graphic appearance here was essentially due to the revascularization of 
dead hone. 



SEQViENCES OF EXPERIMENTAL iXFARCTIOX 
OF THE FEMUR RABBIIS 


GENE H. KISTLER, M.D. 
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A number of lesions, etiologicallv obscure bul with ccrtaui charnc- 
teristics in common, have been described in various bones. Ihc onset 
and dinkal progress are insidious and may or may not be associated 
with trauma. In these lesions there is a gradual and progressive destruc- 
tion of the tissues of the bone, as demonstrated in roentgen films and 
by examination of tissue. The parts involved are almost ahvaxs in an 
epiphysis or in epiphyseal cartilage, and ultimately a deiormity of the 
bone results. These various lesions have been designated osteo- 
chondritis, anemic infarction, epiphysitis or aseptic necrosis of bone, 
terms which imply some vascular or nonspecilic disorder not clearly 
understood. Among the more important specifically named disturbances 
of this group are; aseptic or anemic necrosis of the head of the femur, 
radius or humerus or distal epiphysis of the femur; Kbnig’s osteo- 
chondritis dissecans of the medial condyle of the femur; osteochondritis 
deformans juvenilis of Perthes, Legg and Calve; Osgood-Schlatlcr’s 
disease of the tibial tubercle ; Sudeck’s acute atrophy of bone ; 
necrosis of the tarsal navicular bone (Kohler’s disease), of the bodies 
of the vertebrae (Kiimmell’s disease), of the head of the metatarsal 
bones (Freiberg’s disease, also described by Kohler) and of the carpal 
semilunar bone (Kienbbek’s disease), and occasional foci in many other 
bones, particularly of the lower extremity. 

The cause of these necroses is not understood, and the etiologic 
factors concerned have been hypothecated rather than actually demon- 
strated in the diseased tissues. In viexv of the occasional bilateral occur- 


rence and the incidence of these lesions of bone in several members 
of a family, a hereditar)" tendency is assumed by some to be a factor 
(Bernstein) Since these lesions are frequently present in a bone near 
a joint, the trauma of weight bearing and muscle tension have been 
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considered important (Geyman,= Kappis® and Diirig'^), and many con- 
sidci that external trauma, probably associated with a local vascular 
distui banco, is the chief factor. The most plausible explanation yet 
ofleicd seems to be a primaiy alteration of the normal nutrition in a 
region of bone followed by or associated with trauma or a mild infectious 
agent. 

hollowing an exhaustive study of the various forms of necrosis of 
bone, all of which lie considered to be fundamentally alike, Axhausen ® 
stated that these are bland anemic infarcts of bone produced by mycotic 
emboli. This opinion is hypothecated, because Axhausen assumed that 
attenuated organisms are present. The possibility of a vascular nutri- 
tional disturbance being an important primary etiologic factor has gained 
considerable credence and has been emphasized in the more recent clin- 
ical and e.xperimcntal studies. Phemister® supported the theory of 
infarction, but considered this alone insufficient to produce the marked 
changes usually present. Pheniister, Brunschwig and Day'^ cultivated 
successful!}' a streptococcus from the necrotic marrow tissues of two 
bones with Kienbdek’s disease, one with Perthes’ disease and one with 
Kohler’s disease. Attempts to reproduce such lesions by the intravenous 
injection of pyogenic organisms were unsuccessful. In his original 
report on osteochondritis dissecans, Konig ® considered trauma alone 
insufficient to produce the changes and believed that the loose bodies in 
the knee joint were probabi}' sequestrated infarcted bone. In a sym- 
posium of twelve articles ° by Legg, Calve, Moreau and others, the 
general opinion was expressed that the principal site of osteochondritis 
juvenilis is the epiphyseal line and that the etiology is unknown, but is 
probably associated with a mild infection or a disturbance of circulation. 
In a more recent survey of opinions, Perthes concluded that internal 

2. Geyman, At. J. : Osteochondritis Dissecans, Radiology 11:315, 1928. 

3. Kappis, At.: Osteochondritic Dissecans, Deutsche Ztschr. f. Chir. 171:13, 
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5. Axhausen, G.; Ueber anamische Infarkte am Knochensystem und ihre 
Bedeutung fiir die Lehre von den primaren Epiphyseonekrosen, Arch. f. Win. Chir. 
151:72, 1928. 

6. Phemister, D. B. : Newer Knowledge of Pyogenic Infection of Bone, 
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factor, cause a etatge in rt.e 

iemur and the accidental les.on M a blood vessel leads “ , 

hS aS Ryetson.” in a report on marhecl ncCTOS.s ol the d.st.,1 

epiphysis o{ the femur, emphasized the long duralron and 
desttuction of the bone rvithout attempt at rcpa.r ,n these les.o, s 1 1.4 
believed the primary cause to he one of vascular oeclns.on, ^ 1 he a.u- 
tomic position of metastatic subchondral and inctaphysc.al foci ol os t 
myelitis is often attributed to occlusion of ctul-arlcrics by infcctof 
emboli. According to Nussbaum,^^ the diaphysts of loiig brmes caii 
resist such fod of infection because of an abundant collateral bloo«l 


supply. 

There are many reports and discussions on so-callcd aseptic necrosis 
of the head of the iemur associated with or following dislocation of 
the head or intracapsular fracture of the neck of the femur. ^ .Some 
necroses are also associated with so-callcd slipping of the upper ej)iphy."-i.‘i 
of the femur. The consensus is that such necrosis is the rc.‘^nlt of a 
nutritional disturbance, usually from injury to the blood supply carried 
in the Hgamentum teres femoris. 

Jifany physiologic and anatomic factors must be considered in order 
to appreciate the full significance of necrosis in bone and the great 
difficulty attending its study. Important among these are ; ( 1 ) the 

general circulatory pattern, (2) the relative importance for normal 
nutrition of the various sources of blood and (3) the presence or 
absence of end-arteries and anastomoses. Because of tlic great vascular- 
ity of bone, experimental division of a vessel does not, except in isolated 
instances, simulate occlusion of the endings of that vessel by emboli. 

The evidence at present favors the opinion that the bone marrow 
tissues in mammals have a closed vascular system, that is, arterial and 
venous Wood flow in defined channels with distinct endothelial linings 
(Sabin , and that some regions are different from the general pattern 
because they are nourished by a certain vessel or group of vessels of 
common origin. There are four chief sources of arterial blood in long 
bones; (1) the principal and occasional accessory nutrient arteries to 
the shaft; (2) small vessels that pierce the cortex to enter the meta- 
physeal ends of the shaft ; (3) periosteal twigs that enter the cortical 
bone, and (4) small but distinct epiphyseal vessels, including those of 
the femur that are earned by the hgamentum teres and those that enter 
at the attachment of a joint capsule. The ramification and anastomosis 
ot these vessels in growing bones probably is altered by the presence 
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of cpi])li3'seal cartilage plates. Johnson studied the relative importance 
of these systems to the normal nutrition of the shaft of the tibia in 
dogs by determining the rate of osseous repair in drill holes and the 
distribution of india ink in the medullary tissues after interruption of 
one or two sources b}' division of the vessels. He concluded that the 
nutrient artery supplied the medulla and the inner portion of the cortex 
and was sufficient alone to maintain normal viability of the tissues of 
the shaft; that the metaphyseal vessels would supply enough blood to 
the shaft to prevent necrosis but not to promote repair, and that the 
periostejal twigs supplied only the outer two thirds or one half of the 
cortex and formed xcry few anastomoses with the medullary channels.* 
He did not consider the age of the animals and the possibility of 
epiphyseal collateral circulation to the shaft. Using the experimentally 
fractured fibulas of dogs, Pearsc and Morton observed no impairment 
in healing after division of the nutrient vessel, owing to rapidly 
developed collateral circulation. Moore and Corbett,^® however, could 
not obtain healing in experimental fractures after the nutrient artery 
was ligated. On the other hand, according to McWilliams,^" Kolodny,^® 
lialdcman and Gallic and Robertson,-® the periosteal blood supply 
to the shaft is most important. These divergent views indicate that 
more attention should be given to the collateral circulation and that 
experimental procedures more than interruption of the arteries must 
be used. Brunschwig produced infarction of the tibia of young dogs 
by stripping the entire shaft of its periosteum and presumably tearing 
the nutrient arter3^ This did not occur in adult animals, which demon- 
strates the important collateral circulation to the shaft that develops 
from the epiph3’’ses after the cartilage lines close. Continuit3'’ of epiph3-- 
sis and diaph3'^sis, established by obliteration of the epiphyseal lines, 
ma3'^ account for the infrequency of foci in adult bones comparable to 
metaphyseal foci of infection and necrosis in growing bones. 
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The importance of the ligamcnttm. tcrca to a normal hloo.1 MtiTb 
in thi head of a femur depends on tlK aWhty 

to develop collateral citcuiation. Muller,- I- icmi . . p . ^ 

^antn^ -® Chindler and Kreuscher - and nian\ otncrh, a 
studies' and gross and microscopic epaniination of the '''“"““'J' J"'' 
in cadavers and in tissues removed at opcr.aUon, stress Us f 'r 

prevention of necrosis of the head of the femur such as u a> .olhm 
^location or fracture. Kolodny ” took nuothcr v.ety, s.nce he demo.,, 
strated the intracapsular periosteum and periosteal lilond suppl\ oi tlu; 
neck o£ the femur to be the same as elsewhere. It proximal rjn- 
physeal line is closed so that there is mcdnllary conlumity between the 
head of the epiphysis and the shaft, destruction of the li; 4 ament shou <! 
do no harm. If, however, this continuity is interrupted aliove the brim 
of the articular cartilage, whether the line is open or closed, and the 
ligamentum teres is ruptured, the proximal fragment will Vie .‘^evered 
completely from its blood supply. Thus, necrosis of the head of the 
femur may occur at any age and should not be confused with o.^tco- 
chondritis juvenilis, which is primarily a disturbance in the open 
proximal epiphyseal line of growing hones. 

Without good experimental evidence, end-arteries arc assumed to lie 
present beneath open epiphyseal plates, and articular cartilages and 
medullary tissues otherwise are considered to have a dense meshwork 
of active and potential arterioles and capillaries. This is probably the 
basis for the frequent occurrence of metaphyseal and subchondral 
metastatic infections and necroses. According to Johnson and Kolodny, 
Lexer and Kuliga-® thought that the branches of the nutrient artery 
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cxlciid to but do oot pioroc the open epiphyseal lines or anastomose 
w itii the vessels oE tliat region entering througli the cortex until after 
giowlh^ has ceased. It seems logical to consider that such a region 
dc])endmg on one source of blood is, in reality, a region with so-called 
end-arteries. JCoIodny, however, stated that some of these metaphyseal 
blanches of the nutrient artery pierce the epiphyseal line and enter the 
bony cpiidiysis (described for the head of the femur), and thus the 
metajihysis mai’ draw blood from the epiphysis. Freiberg called atten- 
tion to the arteiia genu media which arches over the posterior central 
ligament and the internal condyle of the femur. He stated that it is 
frequently terminal and if blocked will produced osteochondritis dis- 
secans, as described by Kdnig. 

Attempts to produce infarcts of bones experimentally in animals 
have aided little in understanding the clinical disorders mentioned. 
These attempts, however, have emphasized the necessity of adequate 
nutrition for normal vitality. Axhausen produced necrosis of bone 
by the use of heat, cold and tincture of iodine, and Phemister obtained 
similar death of tissues and reactive changes with radium. Bancroft 
studied necrosis, sequestration and involucrum formation in the humerus 
of dogs following intramedullary injections of croton oil. He empha- 
sized the importance of the blood supply to the regeneration of bone. 
Using the head of metatarsals of growing dogs, Sacerdote produced 
marked necrosis and deformity by removing the periosteum from a 
fractured segment. With removal of the periosteum or by fracture 
alone, the vascular changes and the resulting necroses were much less. 
Nussbaum demonstrated necrosis and almost complete restoration of 
epiphyseal ossifying centers after destruction of the blood supply to the 
epiphyses. Partial necrosis and slight flattening of the head of the 
femur near the fovea were produced in young goats by Graham,^® who 
attempted to reproduce osteochondritis juvenilis by destruction of the 
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Bv a similar procedure, Zemansky and Lil'pma 
necrosis of bone and medullary tissues. flaUenmg nt 
ortion oi .1,= and c„Ka . c 

tek „t the fe,nui L young rabbi, s. They cona.doml , tea o 

be very similar to those in Perthes’ disease, bnch changi. hi j 
follow interference with the ligamentum teres in adult rablnlN mu 
from this thev concluded that the ligament was not important lor the 
nutrition oi the femoral head after the cessation ot growth. _ Stewart 
could demonstrate no consistent changes in rabbits after division ot the 
ligamentum teres. During an attempt to produce experimental arthritis 
in rabbits by the intravenous injection of pyogenic organisms. Jackson ■ 
demonstrated wedge-shaped infarcts of bone that were situated iii the 
metaphyses with their bases close under the epiphyseal cartilage. 1 his 
indicates that there are probably end-arlcries in the metaphyses and 
that they may be occluded by emboli. 

In riew of the paucity of experimental studies concerned primarily 
with necrosis and repair of bone, it seemed profitable to accumulate 
further data on the circulatory pattern of bone and the nature of 
infarcts in tlris tissue. Since simple ligation of vessels alone is unsatis- 
factori', because of the rapid formation of collateral circulation within 
the medullary tissues and outside the corte.x, lilancl emboli were used 
so that small vessels would be occluded. Such a method also might 
elucidate the relative importance of the various sources of blood sui>ply 
to a given portion of bone by a study of the nature and extent of the 
necrosis produced. If infarcts result, then a more applicable approach 
to the study of clinical entities involving necrosis has been formulated. 


BLOOD SUPPLY TO THE FEMUR IX THE RABBIT 

The femur in the rabbit has the usual small epiphyseal arterial twigs 
and periosteal blood supply. In addition, and far more important for 
normal nutrition, there are three principal vessels, all indirectly branches 
of the femoral arterjL Two of these are branches of the profunda 
femoris which, in the rabb't, leaves the femoral artery at about the 
inguinal ligament and courses medially and downward. The first nutri- 
ent vessel leaves the profunda about 1.3 cm. from its origin (adult 
animal) and courses backxvard, inward and slightly upward to enter a 
large acetabular foramen in the ischium and become continuous with 
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tlio vesh-ds of the Ii.tr;inicntiini teres. The second nutrient division arises 
i mm, or so distal to the first. It passes posteriorly to the medial edge 
of the lesser trochanter and then laterally across the lesser trochanter 
and posterior surface of the jjro.ximal end of the femur to enter the 
inferior angle of the trochanteric fos.sa with the tendon insertions of the 
short rotator muscles. .Another, less significant, branch of the profunda 
femoris e.xtends upward and backward to wind about the joint in the 
Ctipsule near its attachment to the femur. This vessel probably supplies 
numerous small twigs to the adjacent bone and the greater trochanter. 
The third important vessel to the femur is the nutrient artery of the 
shaft which arises from the lateral circumfie.x artery near its origin 
from the femoral artery. It courses downward and backward to enter 
the nutrient foramen of the shaft on its medial surface near the linea 
aspera. I hese \’cssels proliably varj' in their details and anastomose 
freely with other vessels. In the many histologic preparations of the 
femur e.xamincd, only one einphyseal vessel was noted to pierce an 
epiphyseal cartilage plate and enter the metaplp'sis. This small vessel, 
occasionalh' present in the plane of the sections examined, entered the 
upper end of the shaft from the greater trochanter and was constant in 
its position. Small periosteal twigs were more numerous where muscles 
and tendons attached, particularly on the posterior surface of the distal 
end of the shaft, and where the capsule of the hip joint inserted about 
the head of the femur. According to Pine}-,^° the entire bone marrow 
of rabbits is cellular and penetrated b)' small vascular channels which, 
in long bones, branch from a central arterj’’ in the a.xis of the tissues. 

EXPERIMENTAL METHODS 

Infarction by einbolisni was produced by injecting a 2 per cent suspension of 
charcoal in physiologic solution of sodium chloride containing 5 per cent acacia 
into the nutrient arteries of the femur."*^ These particles of carbon 
were of the size that would pass through a sieve of 200 but not 
of 300 mesh per inch. Through an incision on the medial aspect of the 
thigh the femoral artery was exposed and ligated about 1 cm. distal to the origin 
of the lateral circumflex artery. The femoral artery proximal to the lateral cir- 
cumflex artery and the lateral circumflex artery distal to the origin of the nutrient 
artery to the shaft of the femur were temporarily occluded by lifting ligatures. 
Small subcutaneous and muscle branches were ligated and cut. From 0.8 to 2 cc. 
of the suspension of charcoal was then slowly injected retrogradely into the femoral 
artery above the distal permanent ligature with a small gage needle, and afterward 
a second ligature was placed above the opening made in the vessel. This pro- 

40. Piney, A. : The Anatomy of the Bone Marrow ; ^Vith Special Reference 
to the Distribution of the Red Marrow, Brit. M. J. 2:792, 1922. 

41. This method was used by Miller and Apfelbach in the infarction of renal 
glomeruli (Experimental Infarction of the Glomeruli in Dogs, Arch. Path. 4: 

193 [Aug.] 1927). Dr. Apfelbach loaned me some of his apparatus. 
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cedure directed the suspension into Uie nutrient artery ot thc shaft. . ^ 

end of the femur and the innominate bone through the branches ot llie pron.m.a. 
The femoral artery of several oi the legs, used as contro s. was hga cd uitl,-.... 
the injection of charcoal, but no attempt was made to cqimhr.c weigh beanne. U 
is difficult to evaluate the possibility of some pcnostcal intarction t^ro«gh sn.ail 
trvigs of vessels receh-ing carbon. Benassi^- ligated the fcmoral and ihac arteries 
and veins separately and together, in growing and adult raWnts, and I carsc 
removed the entire femoral artery in dogs without producing any notcv.ovar. 
nutritional disturbances or functional disability oi the leg. 


A second approach to the study oi changes in the bone, resulting from inter- 
ference with normal nutrition, was by interrupting, at the site oi entrance to the 
bone, one or a combination of vessels known to be distributed to the m.arrou 
tissues of the femur. The nutrient artery to the shaft was ligated liirougn a 
small incision on the medial aspect of tlic thigh. Access to the ligamentum teres 
and the small vessel that enters tlie proximal end of the femur through the 
trochanteric fossa was obtained through an incision placed posteriorly over the hip 
joint with the kg adducted and rotated inward. During manipulation of tlic 
ligamentum teres there was moderate trauma to the articular surfaces and capsule 
of the hip joint. In no instance was there intentional interference with the peri- 
osteal blood supply. 

The studies reported were made on the femurs of forty-six rabbits from 3 
weeks to 2 years of age maintained on stock ration of oats and hay. Operative 
manipulations were performed with aseptic precautions under local infdtration of 
procaine hydrochloride or general anesthesia induced by pentobarbital sodium. The 
femurs were removed for examination from twenty hours to one luindred and 
fift)' days after operation, cut into three segments (proximal, middle and distal 
thirds) and fixed in a dilute solution of formaldehyde, U. S, P. (1:10). After 
decalcification by 4 per cent solution of nitric acid, the segments were split 
longitudinally in such a way that the surfaces made would be of maximum size. 
Longitudinal sections of these tissues for histologic examination were prepared 
b\ the pyroxylin (celloidin) method and stained with hematoxylin and eosin. 
.\s an added check on the source of arterial blood to different portions of the 
femur, lithium-carmine and india ink were injected intravenously into some of the 
animals before death. In addition to the usual examinations, such preparations 
were studied grossly according to color distribution and microscopically in 
unstained preparations. 


RESULTS 


The changes produced in the femurs of rabbits during a given period 
^arled according to the age of the animals and the technical difficulties 
01 injecting corresponding amounts of carbon in the same manner and 
probably als o according to individual differences. Infarcts were readily 


U E. ; Lo sviluppo e trofismo dello scheletro derii art! In t 

rdla^allacciatura dei vasi principal!. Arch. ital. di chir. 28?49, 1931 " 
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f nf !, ■ ’'T “ ™ “"’WnMion with rup- 

,mrl-^, I "»P“tt.-'"l vessel, hut the necrosis was usually leL 

m , 11 Keel ,aml more poorly circumscrihcd when the circulation from one 
or more sources was inlerrupletl ex-ler„al to the cortex without injeeUon. 
liic jnahility to control exactly the distribution of the carbon, owing; 
to .innstoino.se.s of the mitnent vesseLs, and the possibility of infarction 
of sof tissues ixnrlicularly periosteum, arc fully appreciated. It is also 
chniciilt to evaluate the cJkcts of unequal ivcig-ht bearing of the limbs, 
i-ractically all animals, however, behaved after operation much as before. 



pjg-, — ^Necrosis and liquefaction of the distal epiphyseal cartilage of the 
right femur in a young (3 weeks) rabbit fourteen days after the injection of 
carbon into the nutrient artery to the shaft. The right femur is 4 mm. shorter 
than the left femur. 

Definite gross external alterations in the size and the configuration 
of the femur were noted ten or more days after infarction. The cortical 
bone corresponding to the site of the infarcts was thickened, often por- 
ous, and its periosteal surface roughened, especially at the insertion of 
muscles and tendons. Other changes, present only in growing bones, 
were associated with the lack of continuity in the medullary circulation 
between the diaphysis and the epiphysis. Infarcts of the distal end of 
the shaft produced hypoplasia of ossification in the distal cartilage plate 
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amounting to as much as 4 mm. of growth in seventeen day.s (lig. 1 ), 
while infarcts of the proximal portion of the femur produced shortening 
because of interference with growth from the proximal epiphyseal line. 
When the head and neck were deprived of blood, the head became flat 
and broad so that its brim overhung the shortened neck, and the angle 
made by the neck and the shaft was more acute than normal (coxa 
vara), as in figure 2. There were complete necrosis and ab.':or])iif)n of 
the head and neck in one growing animal examined thirty d.ays after 
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the head and neck rotated forward as though the entire shaft were 
twisted. 

^ Sm faces made liy splitting the femurs longitudinal!}- after decalcifica- 
tion demonstrated certain noteworthy features. Infarcts produced by 
emboli injected through the nutrient artery of the shaft of growing 
hones were proport ionatcl}- larger and extended to the regional cartilage 
plate, while those in adult hones extended only to within from 6 to 
10 mm. of the obliterated growth line. The recent infarcts were dark 
rod and poorly diflcrcntiatcd, while the older ones were demarcated from 
adj.iccnt vascular marrow by centers of pale gray tissue of the nature 
of fat that had margins of a more fibrous texture. In these infarcts, 
the necrosis was more marked, and the junction of living and dead 
tissues was more distinct distal to the level of the nutrient foramen 
because of the more abundant smaller accessory nutrient vessels in the 
proximal portion of the shaft. The delimitation by anemia and necrosis 
was accentuated by the intravenous injection of lithium-carmine or india 
ink previous to killing the animals. Such infarcts did not follow inter- 
ruption of the circulation outside the cortex except in one instance in 
which ligation of tlie nutrient artery to the shaft in a rabbit 3 weeks 
of age produced, in nine days, a wedge-shaped infarct in the center of 
the distal mctajfiiysis. The base of this anemic region was at the cartilage 
plate, which was twice as wide as the corresponding plate of the other 
femur, as if there had been marked impairment to normal ossification of 
cartilage (fig. 3). It is significant that during these nine days the femur 
which had not been operated on outgrew the femur in which infarction 
had been produced by 2 mm. Metaphyseal infarcts produced by the 
injection of carbon caused similar hypoplasia of bone, but the epiphyseal 
lines in these femurs closed earlier than those of the control femurs. 
This difference in alteration of the growth line is based on sufficient 
nutritional disturbance to prevent ossification b}' ligation of a vessel 
contrasted with complete infarction, even of the proliferating cartilage, 
produced by the embolic occlusions of vessels (fig. 4). In another 
young rabbit the lateral half of the head of the epiphj^sis was an anemic 
infarct four days after charcoal had been introduced into the femoral 
artery in such a way that a portion was carried through the vessels of 
the ligamentum teres. The entire head was infarcted, and there was 
considerable deformity of it and of the neck in a growing rabbit exam- 
ined thirty days after rupture of the ligamentum teres and injection 
of carbon into the nutrient vessel of the shaft. Similar but less marked 
anemic necrosis and deformity usually followed rupture of the liga- 
mentum teres and the vessel entering the proximal end of the femur 
in the trochanteric notch. In one femur subjected to this procedure 
there were complete necrosis and absorption of the head and a portion 
of the neck. To corroborate the distribution of carbon and blood 



FiS- — Necrosis and liquefaction of the distal epiphyseal cartilage plate in 


the femur of a young rabbit fourteen days after infarction by charcoal emboli; 
V 1^ 
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su])ply tliroiigh llic liganicntuiii teres, histologic preparations of clecalci- 
liccl acctaluila cut longitudinally demonstrated carbon and necrosis in 
the bone tissues of the ischium, but not in the portion of the ilium that 
goes into the formation of the acetabulum. 

Histologically, infarcts produced by charcoal emboli, regardless of 
their situation and the reaction in and about these regions of necrosis, 
may be considered as a group, for they differ only in extent and in 
loCiil opj)oilunity for revascularization and ultimate replacement of tis- 
sue. The following summarizing description is confined chiefly to 
embolic infarcts of the shaft of the femur, since they occurred regu- 
larK and neic of a fairly uniform pattern. In the medullary tissues 
in farcied for twent}’ hours there were diffuse hemorrhages, mainly in 
the center of the medullary canal and at the junction of the infarct 
and neighboring normal tissues. The marrow cells stained poorly, and 
there was beginning disintegration of tissue, particularly about small 
blood vessels occluded by the carbon (fig. 5). In some there were 
columns of epiphyseal cartilage cells, especially on the metaphyseal 
side of the epiphyseal plate, that had diminished or altered staining 
reactions. After two days the region of necrosis was well defined by 
its granular nature and the absence of cellular structure, usually 
more prominent in the center of the cavity of the infarcted bone. 
Within four days there was a diminished staining reaction of the endos- 
teal bone in the center of the infarct, and some of the lacunae were 
empty. The inner surface of this compact bone was irregular and 
without the usual layer of osteoblasts. At the junction of the necrotic 
and noninfarcted medullary tissues there was considerable hyperemia 
with a beginning sequestration, as evidenced by an increased fine fibrillar 
stroma. If the infarct included a metaphyseal end of the shaft, the 
reacti^’e changes developed from the angle of the epiphyseal line and 
the cortex alone and not from the cartilage. For this reason, and 
because of the avascularity of articular cartilage, infarcts of the head of 
the femur were more or less isolated, and they produced less active 
regenerative changes. 

Infarcts of nine days’ duration (fig. 6) demonstrated a marked 
reparative reaction to the dead tissues. The limiting walls of the infarcts 
were more dense vascular fibrous connective tissue, and extending into 
them from the endosteum were small spicules of new bone. These 
partitions of the medullary cavity resembled nonspecific chronic granula- 
tion tissue, and they were cone-shaped with the tip pointed away from 
the infarct as though there were more destruction in the center of the 
cavity than along the cortical bone. This arrangement was probably 
due to the diagonally downward and outward branching of the central 
nutrient vessel in the shaft and to the greater blood supply of the mar- 
row along the endosteum. After fourteen days the inner one fourth to 




Fig. 5.— Hemorrhages and necrosis of the marrow tissues in the proMinal end 
of a femur four days after infarction by charcoal emboli; X 1=- 



Fig. 6. — Zone of reaction with beginning proliferation of endosteal new bone 
and spicules of dead bone about necrotic marrow tissues nine days after infarction 
li\ charcoal; X 15. 










Fig. 7.— Revascularization of an infarcted region in the pro.ximal end of 
tile fcinnr fourteen days after the injection of charcoal. Necrotic trabeculae and 
endosteal bone arc being replaced by new bone. Reduced from a magnification 
of X 15. 
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one third of the cortical bone was definitely delimited from tiie outer 
portion by its diminished staining reaction, empty lacunae and irregular 
eroded inner surface (fig. 7). At the limits of the infarcts of the shaft, 
except beneath an epiphyseal plate, there was considerable formation 
of spongy endosteal and periosteal new hone. The periosteal new bone 
was definite!}' delimited from the old cortical hone and was particularly 
abundant at the attachments of muscles and tendons. Occasionallv. new 
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of (he ciist.ii epiphyseal cartilage line. This femur was considerably 
shorter than the control hone of the other leg. During this and later 
stages there were occasional large deposits of calcium salts at the distal 
epiphyseal line of the infarcts of the shaft and in the bony epiphysis. 
One such deposit was in the cortical bone of an infarcted region. 

At tlic height of the reaction to an anemic infarct (fig. 9), which 
was from forty to fifty days after injection, the limiting walls were 



Fig. lO.-Septum of spongy bone throogb the “3’ 

"r.;: 


osteal new bone; X 15. 


dense fibyoblastic tissue with many n«duS!!;' “t,* 
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spicules of new bone, osseous tissue 

poorly stained, eroded bone betw _ 3 

formed front the endosteum and the penosteun, (fig. H)- 
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bone associated with the periostcimi was jiarticularly ahundaiit where 
its blood supply was enhanced hy the attachnicnt of a inu'^cle nr fendnn : 
that developing along the endosteum was associated with an inner !a;.-er 
of fibrous tissue which maintained its blood sujijdy from the iiid^ of 
the infarct or by way of small periosteal vessels that had pierced th.e 
cortex (figs. 12 and 13). There was a marked dimintitioii of cartilage 
in the epiphyseal lines as compared with the controls, and in .'-ome it 
was entirely absent. 


There is necrosis of the in r uitl, carbon 

^vthout replacement bv netv bone AfeancT"-” 

's occluded by carbon;' X 15 . ^ ^ ''' ‘he shaft 

the'infarX 5on^trornT"'''‘r 1 ^™"' ‘•^vascularization 
‘he dead cortical bone ’ Femurs'exa^ • ^ replacement of 

« ''^b-'diss^h^aln f -M„e of necrosis 




Fig. 12 . — Cone-shaped fibrous tissue wall separating infarcted and viable tissues, 
with spicules of new bone e.xtending from the endosteum forty-nine da}'S after the 
injection of charcoal; X H. 



Fig. 13.-Higher magnification of proliferation of endosteal new bone in the 
limiting zone of reaction in figure 12; X 60- 
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nnrVedlv eroded and quite distinct iroin the now. • , • 

■ lutedereuce rvitb the blood supply to different port,. .us ';;”y 
bv the rupture ot one or more nutrient vessels dul not pK.dnu ... > 

i previously, and there teas not the s.uuulus b. pr.,,u. e 

reactionary changes. Ligation oi the mitnent 

■ decreased the staining reaction ot medullary ti.^snes m gjoi.m, ... > 
and produced slight itecrosis iu the motaphysm, which was ot hule un.- 
sequence. An exception to this was the wedge-.sbaped nieiaphyse.d 
inlarct and overgrowth oi epiphyseal cartilage line that occurred in a. 

3 week old rabbit. Division ot the ligamenttiin teres in adult rabbit', 
produced no change. In growing animals there was Might variable 
necrosis. When this procedure was combined with division oi iln- 
vessel which centers the trochanteric fossa or with the injection oi 
carbon into the nutrient artery to the shaft, the changes were innrked. 
Interference with the vessel entering the notch alone produced only 
mild reactive changes localized to that portion oi the proximal end of 
the femur. 

COMMEXT 

The production of necrosis of bone by intra-arterial injection <i{ 
particulate charcoal supports the belief that anemic infarction of these 
tissues may occur, despite their great vascularity. It also deiimiistrates 
that the vascular system of the rabbit's femur is closed, otherwise such 
emboli would be only foreign bodies disseminated in tissues without 
producing nutritional disturbance. While emboli such as these never 
occur in human tissues, it is fair to believe that fewer or smaller bodies 
acting similarly would cause proportionately less damage oi the same 
general character. Consequently, particulate material within the vascular 
system ot bone, by the very nature of its tissue structure, may be dis- 
tributed to regions that normally have but one source of blood supply. 
If such particles are infectious and obstruct the circulation, a variably 
destructive agent is superimposed on a disturbance of nutrition. 

The infarcts produced in rabbits were intimately associated with 
the metaphyses of grorving bones. This is in accordance with the gen- 
eral view- that the cartilage epiphr-seal line is often the site of lesions 
of the hone considered as necroses. The difficulty encountered in produc- 
ing infarcts in adult femurs and the tendency for these infarcts to be 
near the center of the shaft when the injection is made into the nutrient 
artery to the shaft emphasize the alteration in circulation that occurs 
when the epiphyses and the diaphysis unite. ^Yhen the continuity of 
bone IS interrupted the severed portions can no longer depend on each 
o her but must utilize other sources of blood supply. Should the col- 
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iateial cii dilation be inadequate, nutritional changes follow. This is the 
condition in so-called aseptic necrosis of the head of the femur, which 
occuis in adult as well as in growing femurs. In such conditions the 
continuity of bone is broken proximal to the entrance of epiphyseal 
^ csscls into the head from the periosteum and capsule, and the blood 
sn])ply through the Jigamentum teres is interrupted. Such a fragment 
IS ,i segregated body, the fate of which depends on whether or not the 
tissues arc rcvascularizcd and the necrotic bone replaced by new bone. 

The bone tissues beneath articular cartilages are anatomically 
analogous to those situated beneath wide cartilage epiphyseal lines that 
aic not penetrated by blood vessels. There is only a limited opportunity 
foi the dc^clopment of collateral circulation. It is reasonable to sup- 
pose that the man}'’ manifestations of subchondral necrosis may be pri- 
marily a nutritional disturbance associated with some other deleterious 
factor. 

The infarcts produced experimentally in rabbits demonstrated 
absorptive reactive changes but no sequestration of dead bone. This 
is unlike many of the clinical entities embodying necrosis in which an 
impairment of circulation has occurred. Such differences may depend 
on the nature of the emboli or the trauma to which these regions of 
bone are subjected. By trauma in this sense is meant not severe sudden 
injury, but the trauma of friction, such as between component parts of a 
bone that are not equally capable of bearing a given stress. In other 
words, there is a break in the uniformly rigid character of the bone. 
Since weight bearing is the greatest stress placed on bones, such sec- 
ondary changes probabl}^ would occur in bones of the legs and feet, 
particularly in the parts subjected to the maximum load. The added 
insult of weight trauma to such a focus may be sufficient not only to 
impair the healing but also to increase the lesion to the extent that a 
fragment of bone is entirely loosened from its bed, as in Kdnig’s osteo- 
chondritis dissecans of the internal condyle of the femur (separating 
process of Axbausen). Compression fracture of bone trabeculae and 
their pulverization to bone detritus Avith hemorrhages often are present. 
There is no Ava}' of determining hoAV frequently unrecognized focal 
necrosis of bone occurs, the so-called silent foci. An adequate reparative 
process is dependent probably on sufficient nourishment. 

A disturbance in normal nutrition to an epiphyseal cartilage of a 
long bone interferes Avith groAvth. If there is diminished blood supp y 
to a metaphysis, proliferation of cartilage may continue without ossi- 
fication while infarction of a cartilage plate produces necrosis. The 
endosteum and periosteum both react to a disturbance o 
to cortical bone by the production of new ra the place of old bone. Tli s 
proliferation of bone in the infarcts of the femurs was 
about the blood vessels at the junction of the viable and the necrotic 
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tissues. The deposition of inorganic calcium salts in infarcts of bone 
is probably calcification of nercotic tissues that already have a high 
content of this element. 

SUMMARY 

Infarcts were produced in the femur of young and adult ral)bit.s by 
intra-arterial injection of a particulate suspension of charcoal and by 
interruption of one or more nutrient vessels outside the cortex of 
this bone. 

The necrosis and reactive changes that occurred in from twenty 
hours to one hundred and fifty days after infarction have been described 
and correlated with a discussion of the more common clinical entities 
that concern necrosis in bone. 



APPENDICITIS AND ACUTE INFLAMMATORY ABDOMI- 
NAL CONDITIONS IN SCARLET FEVER 

KErORTS OF NIKE CASES AND REVIEW OF THE LITERATURE 

H. BRANDMAN, M.D. 

ivmrxxG, iND. 


This article deals with appendicitis and similar acute inflammatory 
abdominal conditions as they occur in scarlet fever. It was prompted 
by tile fact that these conditions were seen repeatedly in patients with 
scarlet fever admitted to the Durand Hospital. The histories of these 
cases, a review of cases found in the literature available, and comments 
on the incidence, pathogenesis, morbid anatomic characters, clinical 
asjiccts and treatment are presented. 

These abdominal disorders, principally of the right lower quadrant 
and particular!}' appendicitis, have been seen in the various exanthems, in 
anginal disorders and in disease of the respirator}'' tract and lungs. 
1 hey have been observed in measles, mumps, whooping cough, chicken- 
pox, smallpox and typhus.^ During widespread disease of the upper 
respiratory tract and in pulmonary and influenza] conditions, appendi- 
citis has been noted in almost epidemic proportions.^ Appendicitis has 
followed inflammatory tonsillar disease ® and rheumatic fever.* 


From the Durand Hospital of the John McCormick Institute for Infectious 
Diseases, Chicago. 

1. Thenebe, C. L.; Hirschberg, R., and Cenci, A^. : Acute Appendicitis as a 
Complication of Measles, Arch. Pediat. 50;28 (Jan.) 1933. Davidsohn, I., and 
Mora, M. J. ; Appendicitis in Measles, Arch. Path. 14:757 (Dec.) 1932. Finch, 
B. : Mumps and Appendicitis, Brit. M. J. 1:315 (Feb. 25) 1933. Donnelley, J., 
and Oldham, J. B.: Brit. M. J. 1:98 (Jan. 21) 1933. Ferru, Perdoux and 
Michiels, J. ; Appendicite suppuree au cours d’une rougeole compliquee de broncho- 
pneumonia chez un enfant. Bull. Soc. de pediat. de Paris 30:203 (March) 1932. 
Armstrong, G. E.: The Surgery of Infectious Diseases, in Keen, W. W.: Sur- 
gerj', Philadelphia, W. B, Saunders Company, 1909, p. 1101. Bardon, C. ; Quelques 
mots sur le role etiologique des maladies infectieuses dans I’appendicite, These de 
Paris, Jouve et Cie, 1903. Berard, L., and Vignard, P.: L’appendicite, Paris, 
Masson et Cie, 1914, p. 166. Deaver, J. B.: Appendicitis, ed. 4, Philadelphia, P. 
Blakiston’s Son & Co., 1913, p. 74. Kelly, H. A., and Hurdon, E.; The A^ermi- 
form Appendix, Philadelphia, AV. B. Saunders Company, 1905, p. 381. Meyer, 0.: 
Zur Kasuistik der Epityphlitis bei Scbarlach sowie der wiederholten Scharlacher- 
krankung, Berl. klin. AVchnschr. 11:488 (March 17) 1913. Murphy, J. B.: 
Surgery of the Appendix 'Vermiformis, in Keen, AV. W.; Surgery, Philadelphia, 
W. B. Saunders Companjq 1906, vol 4, p. 737. 

2 Behrend M.; Acute Appendicitis Complicating Influenza, Surg., Gynec. 

& Obst 28:601 (June) 1919. (b) Boyd, S.: The Surgical Aspect of 

in Crookshank, F. G.; Influenza, Essays by Several Authors, London, AViHu 
Heinemann, Ltd., 1922, p. 395. (c) Friedjung, J. K.: Zur Aetiologie der Pc 

(Footnotes continued on next pane) 
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Wile there is no good reason lot delimiting the occurrences cO 
scarlet fever alone, it is the impression that they appear more trcqueiUlr 
and in more unique situations in this exanthem. Certainly Irom a rer icn 
of the cases in the Durand Hospital and of those ni the literature u 
appears that the association of appendicitis and other inflammatort state, 
with scarlet fever should be emphasized more been. ^ 

Generalized, primary or idiopathic peritonitis m scarlet tever ' is 

not included in the discussion. 


U-pWitis in Kindesalter, Wien. med. Wchnschr. 58:2366 (Sept. -1) (d) 

Brenneman. J.; "The Abdominal Pain of Throat Infections in Children, and 
.\ppendidtis, J. A. W. A. 89:2183 (Dec. 24) 1927; The Abdominal Pain in Throat 
Infections, Am. J. Dis. Child. 22:493 (Xov.) 1921. (cl Schultz. \V.; Ueher 
gehauftes Vorkommen von Appendicitissymptomen bei Anguicn, Med. Klin. 23 : 16/ / 
(Xov. 4) 1927. (f) Richter, H. lil.. in .\bt. Isaac A.; Pediatrics, Philadelphia, 
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1 lie following cases are reported from the Durand Hospital. 


REPORT OF CASES 

A ^ admitted on April 22, 1913 On 

Apr: 18 she had become suddenly ill with headache, malaise, chills, vomiting and 
a asli. Exammat.on showed pallor about the lips, a tongue with large papillae, 
enlarged and reddened tonsils, enlargement of the lymph nodes in the neck, groin 
im ’‘^'■•■'''.='•‘='1 scarlatiniform rash. The temperature ranged between 

100 and 102 I<. The white cell count was 10,000. On April 23 pain appeared in 
tic right knee and wrists; it disappeared two days later. The temperature at 
that tunc varied between 100 and 101 F. Late on April 26 and through the follow- 
ing day pain in the right side of the abdomen and vomiting were present. The 
temperature ranged between 100.4 and 103 F. There were increased resistance and 
tenderness to palpation over McBurncy’s point. The white celt count was 31,000. 
Between April 27 and 29 the pain subsided. The temperature was normal on 
Mav 3. 


Cask 2.— C. M., a bo}', aged 15 years, was admitted on Aug. 25, 1913. He had 
been operated on for appendicitis at another hospital and was admitted because of 
a rash following operation. E.xamination revealed a brilliant scarlet rash over 
the abdomen and chest, enlargement of the h'mph nodes of the neck, groin and 
pectoral region and a recent draining appendectomy wound. The temperature varied 
between 98 and 100.4 F. during the first five days and was normal thereafter. The 
white cell count was 10,000. Hemolytic streptococci were cultured from the 
throat. Tlie rash faded about twenty-four hours after admission. At the end of 
five days the patient was returned to the first hospital. Details of the illness prior 
to tlie appendectomy and of the condition of the excised appendix were not obtained. 

Case 3. — D. P., a girl, aged 10 3 'ears, was admitted on May 11, 1914. She 
had had a diarrhea of one month’s duration. On May 7, 8, 9 and 10 she suffered 
from dizziness, headaches, sore throat, increasing pain in the lower part of the 
abdomen, nausea and vomiting, fever and diarrhea. Examination disclosed an 
acuteh’’ ill child with a purulent nasal discharge, herpes of the lip, pallor about 
the lips, enlargement of the lymph nodes of the neck and a scarlet and punctate 
eruption. The abdomen was diffused tender; the right lower quadrant was more 
tender and resistant to touch. There was a gonorrheal vaginitis. The white cell 
count was 16,000. Hemolytic streptococci were cultured from the throat. The 
temperature varied between 102 and 104 F. On Alay 12 the pain was definitely 
localized at AIcBurne 3 "’s point and persisted so until May 14. On Afa 3 ' 20 there 


was transitory pain in the ears. 

Case 4. F. DeH., a woman, aged 21, was admitted on March 8, 1915. Four 

days previously she had become suddenly ill, with a loss of appetite, sore throat, 
constipation and a rash three days later. The temperature was elevated. On 
inspection, there were enlargement of the lymph nodes of the neck and of the 
papillae of the tongue, reddening of the pharynx, reddening and enlargement of 
the tonsils, pallor about the Ups and a generalized and punctate red rash. The 
temperature averaged 98.5 F., with an occasional rise to 100 F. The white cell 
count was 8,100; in the differential smear there was a slight increase in eosinophils. 
On March 15 she complained of pain and tenderness in the right lower part ot the 
abdomen. There was no muscular resistance. On Afarch 16 the white cell coun 
was 8,400. The pain disappeared on Afarch 19. 

Case 5.—M. L., a nurse, aged 22, was admitted on Alay 28, 1917 Illness had 
developed suddenly on Afay 25. The patient complained of nausea and ^ore • 
A rash appeared on the day of admission. On examination the patient appeared 
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enlarged lymph nodes of the neck a 


prostrated. Other signs ^vere eniarg^u ,vhttc cell count 

tongue” and a confluent and re macu ^ ‘ “ jq^ p averaged 

100 F. up to June 3. ihe rasn ana t .> a Until Tunc the 

June 4. %here vvas profuse peeling of ^ 

patient complained of nausea and pain in the g ^nint Sue- 

The abdomen was tender and resistant to pressure over McBurnc>_s point. S c 

I,” .vhile cell »«n« we 9.400, 10,600 and 12,300 ivltl, 

polvmorphonuclears. The temperature became normal. In _ cons.dcratmn oi the 
pain, tenderness and resistance of the abdomen and the mcreastng nnmbcr ot 
white blood cells appendectomy was considered, advjscd and rcluseU. 

Case 6.-S. P., a girl, aged 5 years, was admitted on Nov. 24, 1917 In the 
past she had had “chronic appendicitis." On November 19 the appendix had been 
removed at another hospital. It was stated that the appendix was 9 mehes 
cm.) long, generally reddened at the distal 2 inches (5 cm.) and adherent to the 
mesentery. The temperature immediately following operation was 105. F. Cougli 
was present on November 20 and a rash on November 22. Examination imme- 
diately after admission showed a moderately ill person. There were a raspberry 
tongue” with ulcers, enlarged and reddened tonsils, a reddened pharynx, readily 
palpable lymph nodes of the neck and groin and a fine red macular rash with sub- 
cuticular flushing. The temperature varied between 99 and 100 F. On admission 
the white cell count ivas 11,900; on November 28 it was 18.200. The stitches 
sloughed out of the operative wound, and there was much foul-smelling pu.s. On 
December 6, the temperature ranged between 99.4 and 102 F, and the white cell 
count was 20,000. On December 8 there was a soft and bogg>' swelling behind the 
right ear; this gradually disappeared completely. The temperature was normal 
December 9 and thereafter. 


on 


Case 7.— R. a boy, aged 9 years, was admitted on July 24, 1919. His 

illness began on July 22 with itching, cutaneous eruption and vomiting. On 
e.xamination the tongue was seen to be slightly reddened with accentuated papillae ; 
the throat was reddened; the tonsils were reddened and enlarged, and the lymph 
nodes under the left side of the mandible were readily palpable. The rash had 
faded. The white cell count was 15,200. The temperature ranged between 99 and 
100.4 F. The illness had the usual course until August 25, when the temperature 
rose to 100.8 F. and the patient complained of abdominal pain and vomited. There 
was no muscular resistance or tenderness. The condition lasted one day, and there- 
after no untoward si-mptoms occurred. 


Case 8.— R. P., a boy, aged 15 years, was admitted on lilarch 29, 1926. 
On March 27 the patient had been operated on for appendicitis at another hospital. 
The history prior to the operation had been that on the dav before operation he 
complained of sore throat and vomited. There were no details regarding abdominal 
symptoms and signs. Two days after operation, a rash appeared on the bodv. A 
(iiaRnnsis of scarlet fever was made. Examination immediately after admission 
revealed pallor about the mouth, hyperemia of the throat and tonsils, coating of 
be tongue and_ accentuation of its papillae, moderate enlargement of the upper 
hmph nodes ot the neck and a fading red-brown rash on the neck, axillae and 
•abd^ten. There was a recent appendectomy wound. The white cell coum was 

^'as uonllb and 101.6 F. until May 4 when it 

cn ^<^-«ed 
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J • r natient became ill rather suddenly with a sore 

adjusted diet and msuhn. P t t examination, there were found a 

throat, fever and a va^e pam m he chest U 

t ”“d Ll I fte »«„. oi fte dbo«. The temperamre >;a„cd bevee.. 98 
L 100 F. The tests for reducing substance and ketone bodies in the 
strongly positive. On a regulated diet of milk and cream and an increase in I 
dosage of insulin, tlie urine became normal. The white cell count was . -■ 

Hemolitic streptococci were cultured from the throat. Three hundr^Uhousand 
units of scarlet fever antitoxin was injected intramuscularly on admission. Ihc 
temperature was normal from January 3 to January 5. The rash disappeared on 
Januars- 4, and there was some peeling of skin on the chest and abdomen about 
the same time. On January 5 pain appeared in the left axilla with probably coin- 
cident enlargement of the lymph nodes of that region as well as of those along 
the pectoralis muscle op the same side and the upper triangles of the neck. Tlic 
next day the temperature rose rapidly to 104.6 F., dropped to 99.6 F. on tlic daj 
ioliowing and then rose again to 103.6 F. On January 5 and 6 there was severe, 
generalized and distressing urticaria. On the two following days lieadacbe. nausea 
and vomiting, abdominal pain and swelling of the eyelids appeared. The vomiting 
was so troublesome that all feeding by mouth was discontinued and resort made 
to retention and nutrient enemas. Reducing substance, ketone bodies, protein and 
casts were abundant in the urine. On January 9 the patient was comfortable and 
able to take food by mouth. 

Late on Januarj- 10 and throughout the following two days the abdominal pain 
returned with rapid and increasing severitj-. There were much nausea and vomiting. 
The temperature averaged 99.6 F. On January 11 the abdominal wall was 
generally and exceedingly tender and resistant to palpation. The tem- 
perature rose in abrupt steps from 98 to 102.4 F. The distress was great enough 
to require morphine. On January 12 and 13 the white cel! counts were 26,600 and 
25,000, respectively. 

Diagnoses of acute mesenteric lymphadenitis, pyelitis, pleuritis and pneumonia 
were considered. Because of the increasingly critical condition of the patient, a 
laparotomy was decided on. On Januarj' 13 Dr. E. ^[. 5.1iller performed the opera- 
tion. .\n appendix with an abscess at its tip was found. The appendix itself 
nas markedly enlarged, generally hyperemic and gangrenous and perforated in its 
distal portion. Hemolytic streptococci were cultured from the wall and from 
the pus. 

The first five days after operation were difficult and complicated bv “gas pains ” 
The temperature fluctuated behveen 98.6 and 102 F. The diabetic condition was 
reaUily managed. The patient recovered completeh'. 

.Attention is directed to a presentation of all the cases that could 
he lound in the literature consulted. These are presented in tabular 
lonu and the various salient features of each case outlined. The cases 
arc tabulated in three different groups; (1) those in which appendicitis 

thic inTl Y postmortem examination; (2) 

i,n-nl ' ’ abdominal organ other than the appendix was 

in wl'-^^i operation or postmortem examination- (3) those 

which only the clinical aspects are known. In these it will f 

Ibcrclore ^rdi’ca^fmai T invoLd ; 

• - uen cases mai be considered doubtful. 
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I'-nch case is prescntcci in miinerical order 
of piihlicalion and anal 3 'zcd according’ tor 


according to tlie time 


Aiilljor 

Age ami sex 

General clinical picture 

Specific clinica! picture of the abdominal disorder 
Finding's at operation or at postmortem examination 
Prcfcttcc of comp/ications or of associated disease 


1 lie cases observed at the Durand Hospital are included for the 
sake of completeness. 


Taiiu: 2.~Cascs in if ViicA Sonir Abdominal Organ Oilier Than the 
Appendix JVas Involved 


Autlior, 

Cn.«c Jtcfcrcnec 

Affc, 

Se.\ 

General 

Cllnicai 

Features 

Abdominal 
Signs and 
Symptoms 

Observations 
at Operation or 
Postmortem 
Examination 

Complica- 
tion or 
Associated 
Disease 

■JO Xnson, K. X,, niul 
^'nsoIl, W. S,: J5r!t. 
-M. ,r. 1 ; OOS (April 
;’>0) tSS)2 

M,7 

Piafrnosis of 
scarlet ferer; 
several other 
incmlicrs fa 
family of 
patient died 
of malignant 
scarlet fever 

Vomiting, ab- 
dominal pain 
and innscular 
resistance, 
death 

Prominence and 
Injection of 

Peyer’s patches, 
enlargement of 
mesenteric 
lymph nodes 

Xone 

•n Kolly, Ik, in Mohr, ? 

J/., ami StachUo, 

R.: Handbuch dcr 
inneren Jfedlzln, 

Berlin, .tuilus Springer, 

JD2S, rol. 1, p. S5 

Diagnosis of 
scarlet fever 

Death 

Ruptured sup- 
purating mesen- 
teric lymph node 
and general 
peritonitis 

JJone 

42 Lewis, H.: per- 
sonnl coininunien- 
tfon to author 

7 

Diagnosis of 
scarlet fever 

Abdominal 
pain, opera- 
tion for 
appendicitis, 
recovery 

Operation; 
lymph nodes 
between eeeum 
and ileum 
inflamed, ap- 
pendix normal 

None 

43 Lewis, D., ibid. 

7 

Scarlet fever 

Abdominal 
pain, lapar- 
otomy, 
recovery 

Operation: ileum 
diffusely inflamed 
for 3 feet (91 cm.), 
felt like “rubber hose 

None 


In addition to the cases listed Gromski reported two of abscess of 
the spleen, and Schlossmann and Meyer ^ stated that cholecystitis may 
occur. 

The remainder of the article deals with comments on the incidence, 
pathogenesis, morbid anatomic changes and clinical and therapeutic 
aspects. 


6 Gromski M.: Two Cases of Splenic Abscess in the Course of Scarlet 
Fever, Przedglad pedyatryezny, 1912; abstr., Zentralbl. f. d. ges. inn. Med. «. d. 

Grenzgeb. 2:695, 1912. , 

7. (ff) Schlossmann, A., and Meyer, S.; Scbarlach, m PfauncUer, M., 
Schlossmann, A.: Handbuch der Kinderheilkunde, ed. 2, Leipzig, F. C. W. ^ ogc , 
1923, vol. 2. p. 131. W Delage. J.: Bull- SoC; de pediat. de Pans 30.2^9 
(April) 1932. (c) Sax!, O., and Gross, F.: Med. khn. 28:1168 (Aug.) • • 
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Case Author, Reterence 

41 Sutton, A. JI.: Lancet 
2 : 1155 (Oct. 2S) 

1590 


General Clinical 
Age, Sex reatures 

? Angina and 

rash, diagnosis 
of scarlet 
fexer 


45-49 Simonin; Bull, et mem. 
Soc. med. d. hop. de 
Paris 18;13SS (Dee. 2i) 
ICOl 


M, Diagnosis of 
21 to 24 scarlet fever 


Abdominal Signs and 
Symptoms 


Complication 
or Associated 
Disease 


On ttli day, abdominal 
pain and vomiting, 
tumor felt in right 
lumbar region, recovery 

Abdominal pain, nausea 
and vomiting, tender- 
ness over McBumcy s 
point, spontaneous 
recovery, usually diag- 
nosed “"latent catar- 
rhal appendicitis 


None 


,Toint, mus 
cular and 
posslldy 
hepatic. 
disord'TB 


50-53 Bardon, C.: Quelques 

mots Eur le role etiologiqne 
des maladies infectieuses 
dans I’appendicite, These 
de Paris, ilasson & 

Cie, 1914, p. 166 

51 St. Paul, cited by 
Kauflmann, These de 
Paris, 1903. 

jj St. Paul, ibid. 


Gsually severe 
angina, 
jaundice 


Diagnosis of 
scarlet fever 


Scarlet fever 
vrith marked 
intoxication 


5C St. Paul, ibid. 51. 11 

57 Marian, cited by 51, 10 

KauSmann 

53-60 Kaufimann, R. S'.t to 

01 Escherich and F, 12 

Schick, cited by Seitz 

(ease 24) 

02 Escherich and Schick, ? 

ibid. 

00 51eyer, 0.: Berl. Win. M, 4 


Wclmschr. 11 : 433, 1910 


04 Meyer, O., Ibid. M, 11 


Diagnosis of 
scarlet fever 

Diagnosis of 
scarlet lever 

Diagnosis of 
scarlet lever 


Diagnosis of 
scarlet fever 


Diagnosis of 
scarlet lever 


Diagnosis of 
scarlet fever 


Chill, fever, 
rash and 
swollen and 
hyperemic 
throat 


Tenderness deep in 
right lower abdomiimi 
quadrant on Sd to 17th 
day, usually dingnoscti 
appendicitis, recovery 

None 

Abdominal pain, death 

None 

Abdominal pain, death None 
(in foregoing 2 cases no 
postmortem examination) 

Abdominal pain, re- 
curred in C months 

Nephritis 

Abdominal pain 

None 

Abdominal pain and 

None 


local tenderness 1 to 2 
days after onset, 
recovery 

Early in disease, pal- None 

pable tumor in right 
lower quadrant, ten- 
derness over McBumcy’s 
point 

Acute appendicitis None 

during convalescence, 
no operation 

Pain in abdomen and None 

neck, vomiting, tender- 
ness and muscular spas- 
ticity over McBurney’s 
point, recovery, fol- 
lowed by 2 subsequent 
exacerbations 

On 2d and 3d days 
abdominal pain 


Suppura 

tlve 

inguinal 

lymph- 

adenitis 


65 


('■, 


D. U. scries,* case 1 F, 9 


D. 11. siric',* case 3 F, 10 


■ I'.'rr.nd Iln-piiol scri(«. 


Headache, 
chills, vomit- 
ing, rash, 
hyperemic 
pharynx, 
enlargement 
of lymph 
nodes in neck, 
groin and 
axilla; fever 
and leukocyto- 
sis; recovery 

Diarrhea for 
1 month; head- 
ache, sore 
throat, rash 
and enlarge- 
ment of lymph 
nodes; leuko- 
cytosis; hemo- 
lytic strepto- 
cocci cultured 
from throat: 
recovery 


On 4th day, abdominal 
pain with increased 
severity in lower right 
abdominal quadrant, 
vomiting and fever, 
tenderness over 
McBurney’s point, 
much increased leuko- 
cytosis, regression 
on Cth day 


Abdominal pain, nausea 
and vomiting near 
onset, tenderness in 
right lower quadrant, 
fever, pain definitely 
over 5IeBumey’s point 
on 2d day, gone by 
4th day 


Pain in 
right knee 
and wrists 
on 2d day, 
disap- 
peared 


Purulent 
rhinitis, 
gonorrheal 
vaginitis, 
otitis 2 
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INCIDENCE 

Ihcrc is too little information at hand to permit any statement 
as to the frequency of occurrence of appendicitis and the other abdominal 
disorders iii scarlet fever. A number of textbooks on infectious diseases, 
pediatrics, internal medicine and stirg-ery do not mention the subject. 
Rollcston ® stated that appendicitis may occur in scarlet fever but that 
he never saw a case. Heubner, « JochmamH'’ and Schlossmann and 
Jitcyer believe that it is not at all uncommon. Pospischill and Weiss “ 
saw one patient with appendicitis in their clinical experience. Caiger 

TAiicr. 3.--Cascs in Which the Exact Condition Was Mot Asccrtamcd—Continued 


Case 

Author, Reference 

Age, Sex 

Genera) Cllotcal 
Features 

Abdominal Signs and 
Symptoms 

Complication 
or Associated 
Disease 

g: V. 

11. scries,* case i 

r. 2 l 

Sore throat, 
nialafsc; rash 
on 3d day; 
lymph nodes of 
neeJe enlarged; 
slight cosfno- 
pbilia; recovery 

On Tth day, pain and 
tenderness in right 
lover quadrant, no 
leukocytosis, symp- 
toms disappeared 
on 8th day 

Nonspeeific 

vaginitis 

CS D. 

11. series,* case 3 

r, 22 

Sudden onset; 
sore throat, 
fever; rash on 
Sd day; enlarge- 
ment of lymph 
nodes of nect; 
leukocytosis; 
recovery 

On 2fth day, pain in 
right lower quadrant 
vlth nausea and vom- 
iting, tenderness in 
right lover quadrant, 
increasing leukocytosis, 
appendectomy recom- 
mended and refused 

Xone 

GO D. 

H. series,* case 7 

jr, 0 

Eruption of 
skin, vomiting; 
pharynx byper- 
emic; lymph 
nodes about 
and under left 
ear enlarged; 
recovery 

On Sith day, vomiting 
and abdominal pain 
for 1 day 

None 

rO-73 Einklestein, quoted 
by Knfsig (case 37) 

7 

Diagnosis of 
scarlet fever 

Diagnosis of appendi- 
citis during course 

None 


* Durnnd Hospital series. 


did not refer to any possible occurrence of these diseases in his report 
of one thousand and eight cases of scarlet fever. Table 4 may give some, 
but very likel}'' poor, conception of the relative f i equency. 


8. Rolkston, J. D.; Acute Infectious Diseases, London, William Hememann, 

^ 9. Heubner, O.: Lehrbuch der Kinderheilkunde, Leipzig, Johann Ambrosius 

1905. vol. p* 283. , 

10.’ Jochmann, G.; Lehrbuch der Infektionskrankheiten, Berlin, Julius Springer, 

^^^li.^Pospischill, D., and Weiss, F,: Ueber Scharlach (der Scharlacherkrank- 

ung zweiter Teil), Berlin, S. Karger, 1911, p. 89. ^ 

12 Caiger F. F.: An Analysis of 1,008 Cases of Scarlet ^d^utted into 
the LtaSen, Fever Hospital Dur« the Year 1890, Laaee. 1,12« and 1304 
(June 6 and 13) 1891. 



BRANDMAN-dPPENDICITIS IN SCARLET PEVER 

Rv further and more exhaustive studies it may l)e demonstrated 
that Appendicitis and the other abdominal conditions occur much moie 
often than indicated; I believe this to be true. 


PATHOGENESIS 

The pathogenesis of appendicitis and of the other conditions in 

scarlet fever is known only in general. 

A common and much held view is_ that these conditions, at least 
appendicitis, are hematogenous metastatic products of which the hemo- 
lytic streptococcus, among others, is the cause and the pharynx the 
source of dissemination. No attempt will be made to dwell in any detail 
on this exceedingly controverted view, except to point out its numerous 
discussions as seen in the articles of Brenneman,-'* Kaufmann,*'' Asch- 
off ” and Christeller and Mayer.’^® 

It is of interest to state the theor}' of Kretz,^*^ who is a strong advo- 
cate of the hematogenous origin of appendicitis. According to him, the 
organism is conveyed by the blood stream to the tymphoid follicles and 

Table 4.~Frcquc>tcy of Appendicitis in Scarlet Fever 


Souice Cases oi Scarlet Perer Cases ol Appcnilicitls 

Burn”'’ 9 

nichi ■ 4,S33 ■ S 

Tto • 250 4 


their constituent capillaries. There the capillaries are destroyed, organ- 
isms liberated into the tissue spaces and variously acute exudative, 
proliferative and resolving inflammatory reactions incited. As an evi- 
dence of capillary damage emphasis is placed on the presence of sub- 
mucosal hemorrhages. Aschoff denies any significance to these hemor- 
rhages. 

McMeans^' gave an excellent review of the difficulties encountered 
in investigating the theory that appendicitis originates through the blood 
stream. 


13. Kaufmann. E.: Pathology for Students and Practitioners, translated by 
... P. Kcimann, Philadelphia, P. Blakiston’s Son & Co. 1929, vol. 2, p. 835. 

14. .\schofT, L.; Die tYurmfortsatzetitzundung, Jena, Gustav Fischer, 1908 

derh 9 f APPendizitis, Ergebn. d. inn. Med. u. Kin- 

0 E.: Appendizitis, in Henke, F., and Lubarsch 

!»«.. sr“, 

10. Krciz, R.: Angina und septische Infektion, Ztschr f Heilk 27.?qfi lon-r 

irs: CH». 

CMayl 10 ir. ’ Appendicitis, Arch. Int. Med. 19:709 
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Other theories may be briefly mentioned. Some believe that the 
organisms are swallowed and implanted in the interior of the organ 
aflectecl. It has been suggested that there is a catarrh of the adjacent 
portion of the bowel which extends to the appendix. The fecalith may 
be important as a nidus of infection. 

It is important to realize that the appendix is not invariably involved 
in the lesions which attract attention to the right lower quadrant of 
the abdomen. From the reports it may be seen that the ileocecal lymph 
nodes, probahh' the lymphoid tissue of the ileum, possibly mesenteric 
l}-mph nodes elsewhere and even the spleen may be involved in scarlet 
fever. J!.ach of these may cause symptoms and signs so similar to those 
of appendicitis as to make a dilterential diagnosis difficult or impossible. 

i he whole lymjihoid apparatus is involved in the onset and course 
of scarlet fever. This may be inferred, for example, from the enlarge- 
ment of the lympii nodes in the neck, groin and elsewhere as seen in 
routine examination. The reactions in these sites may regress or show 
further change in a small sphere, as, for example, in the neck. They 
may go on to more pronounced inflammation, to suppuration and to 
necrosis. The same reactions may exist in the appendix and other 
abdominal aggregates of lymphoid tissue so that the condition may 
occur in one of two ways; (1) as a part of the general reaction of the 
l\'mphoid apparatus at the onset and figuring in the production of 
abdominal symptoms of the prodrome of scarlet fever; (2) as one or 
several lymphoid aggregates that may go on to an acute abdominal 
lymphadenitis in the appendi.x. ileocecal mesenteiy a!7d ileum and else- 
where. 

JIORBID ANATOMIC CHANGES 


The abdominal organs that ma}' be involved are: (1) the appendix 
(preponderantly) ; (2) the lymph nodes between the ileum and cecum 
with or without coincident appendictis; (3) the lymphoid patches of the 
ileum; (4) possibly the lymphoid tissue of the cecum itself; (5) the 
lymph nodes elsewhere in the mesentery, and (6) the spleen. 

The “typhlitis” and “epityphlitis” of some authors, for example, 
Meyer.^® may be examples of involvements listed under 2 to 5. 

No unique changes are found in the involved appendix or other 
organs in scarlet fever. 

The appendix ma)^ be simply enlarged, locally or diffusely reddened, 
kinked, displaced or intensely hyperemic, boggy^ variably necrotic, ulcer- 
ated and perforated. The contents may be liquid or semisohd pus with 
an occasional fecalith. The surface may be covered with simple fibrin 


18. Klenim, 
Verhaltnis zur 

19. Mej^er: 


P • Ueber die Erkrankung des lympbatischen Gewefaes und liir 
Appendizitis, Deutsche Ztschr. f. Chir. 81:42 (March) 1906. 

Berl. klin. Wchnschr. 11:488 (March 17) 1913. 
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» nuraient e;;udate be eemeshed in adhesions of vanons degrees o. 
nwuiritv. One, several or all the layers of the wall may become ncciot.c. 
leading to scarrirrg and protection of the defect or perforation. he 
microscopic changes range from simple hyperemia and edema through 
various degrees of cellular infiltrations (iwlymorphoiiudear, lyinplioitl 
and eosinophil) to necrosis of the layers %Yith ulceration, hemorrhage 


and perforation. 

R. Kauffmann (see cases 14 to 18 for reference) clanns that the 
appendix is constantly involved in scarlet fever. According to him the 
vomiting seen at the onset is due to involvement of the appendi.x. 

Occasionally the lymph nodes between the cecum and ileum arc 
swollen and hyperemic. This reaction may be seen in connection with 
appendicitis but it often occurs alone. 


CLINICAL ASPECTS 


Wlien one bears in mind that symptoms and signs referable to the 
right lower abdominal quadrant may arise from several organs, the 
outstanding role of the appendix must be emphasized. To indicate the 
great susceptibility of this organ to inflammations one may bear in mind 
Sahli's designation, the “abdominal tonsil.” 

Two situations in which these inflammatory conditions appear arc 
inqiortant ; 


1. At the onset of scarlet fever the nausea, vomiting and sometimes 
the abdominal pain may be prominent enough to cause a diagnosis of 
apjiendicitis. This diagnosis may be readily possible when one fails to 
consider the possibility of a contact, the importance of a sore throat 
or infection of the upper respiratorj' tract, enlargements of lymph nodes 
in the neck, axillae and groins and beginnings of a rash in the axillae 
and groins and elsewhere. There may even be localized tenderness and 
muscular resistance. There may appear to be enough clinical evidence 
to justify operation. Soon after this a rash may rapidly develop and 
\K)iiu to the true state of affairs. The appendix removed may actuallv 
he inflamed, thus bearing out the statement of R. Kauffmann as to the 
constancy of implication of the appendix. Cases 2, 6 and 8 of the Durand 
ifospilal senes indicate how readily one may operate for appendicitis 
m llie face of oncoming scarlet fever. 


I’agct.'^'’ Trelat-'' and Martin =- 
appendectomy. They attributed the 


spoke of scarlet fever following 
cause of the exanthem to the con- 


? Operations, Bvit. yt. J. 2:237 (Aug. 27) 1864. 

vTl. llfTsis "" conskutive aux operations. Progres med. 6:721 


'i’i 


Pari*; 


Martin, A.; Scarlatine tvaumatique dans 
iHn« 2) 15:423 (Oct. IS) 1903. 


unc appendectomie, J. de med. de 
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taininalion of the operative wound with the appropriate organisms. The 
hingical scarlet fever,” so called by them, may well be that in which 
the prodiomal symjgoms mislead one to sole consideration of appendi- 
citis instead of indications of scarlet fever setting in from the first. 

2. Ihe abdominal disorder may appear at any time after the onset 
of the illness and with or without any of the complications commonly 
associated with scarlet fever. This is seen in cases 1, 3, 4 and 7, 
in which the abdominal symptoms appeared as transitory events, by 
case 5, in which they were of considerable importance, and by case 9, 
in which operation was necessary. 

\\^hcncvcr abdominal S3’mptoms and signs appear with any degree 
of persistence, appendicitis must be considered with all its implications 
of perforation and peritonitis. 

Some of the clinical pictures that may appear are ; The patient is 
scarcely over the preliminary symptoms and signs, convalescing or 
suffering from some common complication when he begins to complain 
of abdominal pain, iisualh' with nausea and often with vomiting. The 
pain at first is usually diffuse, but it quickly centers in the right lower 
quadrant. The abdominal wall in that region may become tender and 
resistant to touch. The temperature, pulse rate or white cell count, or 
all three together, may be elevated. So far the attack may regress 
spontaneously and the diagnosis be in doubt. The attack may persist 
with intensification of all the s}'mptoms and signs. Operation may be 
considered and performed. There may be hesitation, temporizing or poor 
observation and judgment of the course of the patient. Then the pain 
may become diffuse over the entire abdomen, the parietal wall generally 
tender and much resistant to palpation, the temperature septic, 
chills and sweats, the respirations faster and more shallow and the pulse 
rapid and weak. Obstipation, protracted vomiting, prostration and col- 
lapse may appear. Usually death occurs from generalized peritonitis 
secondar}'' to perforation of the appendix, breakdown of the suppurating 
lymph node or ulceration and perforation of a lymphoid patch of the 
bowel. 

The changes in temperature, pulse rate and white cells may be 
obscui'ed by the presence of lymph node, middle ear and mastoid, pul- 
monary, pleuritic, joint, pericardial and other complications. In case 9 
of this ’series the presence of diabetes and serum sickness made the 
diagnosis especially difficult. 

It is of interest to direct attention to the fact that appendicitis may 
occur in several members of a family in a short time. This_ is thought 
by some to be due to a common sharing of some congenital defect, 

R. Kauffmanu suggested that the several members were exposed to 
scarlet fever and made readify susceptible to appendicitis. 
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‘rS« and ronScal content and variations of the illness The 
possibiUtv of spontaneous regression under cautious and nomntcrfenng 
toatimr is balanced against that of perforation and penton. is l 
the diagnosis is at all obscure, it is probably better on the Me to 
investigate with laparotomy. Even when the diagnosis of appendicitis 
appears certain, one may encounter merely ileocecal adenitis, an inflame 
and stiffened ileum-® or inflammation of a lymphoid mass elsewhere 
and a normal appendix. If such is the case, nothing further should 
be done. Lewis states that in all these cases operation should not be 
performed, but he emphasizes the great difficult}' of an accurate diagnosis. 


SUMMARY 

About 73 cases of appendicitis and a small number of cases of other 
acute inflammatory conditions of the abdomen in scarlet fever were 
reviewed. Kine (of which 1 was personally observed by the author ) 
are from the records of the Durand Hospital : the remainder are from 
the literature available and from communications. 

The incidence appears to be small but is likely larger. 

The disorders comprise inflammation of the appendix and of various 
mesenteric lymph nodes and masses of lymphoid tissue elsewhere in 
the abdomen. The relation of these conditions to involvement of the 
entire lymphoid system in scarlet fever has been indicated. 

The pathogenesis is unknown, but the theor}' of infection through 
the blood stream spread and from the throat is plausible. 

The anatomic changes do not appear to have any special features. 

All these inflammations give nearly an identical picture which is 
principally that of pathologic involvement of the right lower abdominal 
quadrant. Two considerations are important: 1. The abdominal mani- 
iestations of scarlet fever at the onset may be sufficiently prominent to 
mislead one in the diagnosis of the oncoming exanthem. 2. When the 
symptoms and signs appear somewhere during the course of the fever 
appendicitis must be carefully considered. 

The treatment is the same as that for appendicitis in general. 

In the generally obscure background of the etiology of appendicitis 
as it may occur in any person or in several members^ in a familv the 
presence of scarlet fever must be considered. 


E. W.: TIuckenmg of Terminal Ileum with Mesenteric Adenitis in 
CluWrcn Xortlnvest Med. 32:145 (.April) 1933. Lamson, O. F.- ^ 1 “^ 

Lmrandemus and Acute .Appendicitis, S. Clin. North .America 11:1061 ((Dct.) 



SUBACUIL LYMPHOGRANULOMA INGUINALE 

KICPORTS OF TWO CASES 

ALANSON WEEKS, M.D, 
n. C. N. O’REILLY, M.D. 

G. D. DELPRAT, M.D. 

AND 

IV. P. STOWE, M.D. 

SAN FKANCISCO 

The purpose of this pajjcr is to emphasize the incidence of Jympho- 
Kraiuiloma inguinale on the Pacific Coast. Especially a disease of 
tropical regions, where it has been abundantly described as climatic bubo, 
the disease has recentl}' been reported from many European maritime 
cities and from ports of the Great Lakes. 

In the confusion of names the disease should not be confounded 
with that termed “lymphogranulomatosis,” a term often applied to 
Hodgkin’s disease, or with those termed “ulcerative, pudendal disease” 
and “granuloma inguinale,” presumably caused by protozoan infection. 

Complete and easily accessible descriptions of the disease are con- 
tained in the articles b}- De Wolf aiid Van Cleve/ Sulzberger and Wise“ 
and, especially from the standpoint of pathology, Lillie.’ 

Described briefly, the disease is a venereal infection caused by virus, 
showing a slight, transitory, mostl)'' unobserved primar}" genital lesion 
of ulcerative or nodular type two or three weeks after exposure. This 
is followed by suppurative adenitis and periadenitis of the inguinal nodes. 
The livid and tender inguinal mass attains considerable size and softens 
and drains by a persistent sinus formation. Involvement of the deeper 
iliac chain occurs ; in the later healing fibrotic process strictures of the 
rectum are apt to follow. These are especially common in women in 
whom primary infections in the cervix often result in the absence of 
the inguinal mass, the lymphadenitis affecting only the deep nodes. The 
course of the disease is fi'om subacute to chronic, locally troublesome. 

From the Department of Surgery and Pathology, St. Luke’s Hospital. 

1. De Wolf, H. F., and Van Cleve, J. V. : Lymphogranuloma Inguinale, J. A. 

M. A. 99:1065 (Sept. 24) 1932. 

2. Sulzberger, M. B., and Wise, Fred: Lymphopafhia Venereum, J. A. M. A. 
99:1407 (Oct. 22) 1932. 

3. Lillie, R. D. ; Inguinal Lymphadenitis with Special Reference to the Group 
Known as Climatic Bubo, Arch, Path. 8:19 (July) 1929. 
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'ind with slight to moderate general symptoms of chi s, ’ ‘ ‘ ' 

and nain. Barring rectal stricture it is without senons sequel e. 

The Frei test a local reaction to an intradermal injection o . 
of preLnS pi in phenol from a known case of the_ disease, appears 
to L specific and persistent for years. The pathologic process m 
involved glands is that of a tuberculoid reaction with however, more 
remains of pus cells in the necrotic areas than are found in 
caseation, with relatively few giant cells and often 
or deposit of hemosiderin from an old hemorrhage. Epithelioid 
are variable in abundance, and pronounced fibrosis marks the later stages 
of the disease. Obliterative endarteritis is absent or less marked than 
in a syphilitic lesion. Barring secondary infection, bacteria are not 
found in smears or cultures as they are in chancroidal bubo,^ in the bubo 
of bubonic plague and in pyogenic lymphadenitis. The virus appears 
to be transmissible to mice and to monkeys,"* at least. Transiiiissibilit) 
to other animals is yet uncertain. 

REPORT OF CASES 

The following reports illustrate the main features of the disease; 

C.A.SE 1.— J. B. K., aged 43, white, a sea captain, consulted one ot us ( A. \V.) 
on July 7, 1932, with regard to a lump in the left inguinal region of three weeks' 
duration. His familial and personal history were irrelevant, except that during 
the last three and a half years he had been sailing to and front the Orient and 
had had a certain amount of time ashore in the East, 

His present illness began three days out from Hong Kong with the develop- 
ment of headache, chilliness, pain in the lower part of the back, some coughing 
and profuse perspiration. He thought that he had a fever also. These symptoms 
gradually subsided with the exception of the headache and backache, which per- 
sisted almost to the time he carhe for consultation. Four days after the onset of 
these symptoms, he noticed a lump in the left inguinal region which was slightly 
sore and which bad gradually become more painful and larger since it was first 
noticed. During the preceding two weeks he had lost about 10 pounds (4.5 Kg.), 
The patient was a self-contained person who did not pay much attention to 
his symptoms. .\ general physical examination showed no abnormal condition 
with the exception of that in the left groin. Here was a mass 3 by 2 inches 
fa1x)ut 7 by 5 cm.l, slightly reddened, with three or four dark pigmented spots 
inch (alwut 1 cm.) in diameter. The dark areas were fluctuant, and the skin appeared 

to be attached to the underlying mass. Over the remainder of the swelling the skin 
appeared to be reasonably movable. The mass was definitely superficial to the 
lURumal lascia. and the finger could be inserted into the external inguinal ring 
an; eU to be definitely beneath this mass. The patient's temperature was 10"^ F 
and be leaked much sicker than would be expected from an inflammation of this 

■ffP. will, polymorphouuclcars 80 per cent. The hemoglobin concentration was 

4. Lm-ndiii. C: Ra^-aut. P.; Lepine, P.. and Seboen, R.: .Etude etiologique et 
>.^^..en.quc dc la maiadie de Kicolas et Favre, Ann. Inst. Pasteur 48:27 (Jan.) 
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casts, uJiitc blood cells and numerous mucous threads. 

Ihc patient was admitted to St. Luke’s Hospital that afternoon, and a small 
amount of pus was aspirated from the. inguinal region on two occasions. The 
specimens showed pus cells and fibrin but no bacteria. A culture was negative. 
Injections into guinea-pigs also gave negative results, and the blood cultures 
remained negative. 

During the first two weeks in the hospital his temperature continued to fluctuate 
between 102.2 F. and normal, gradually subsiding to normal. Treatment included 
the application of hot compresses and irradiation with ultraviolet rays from an 
air-cooled,^ quartz mercury vapor arc lamp, alpine light but no antimony compounds. 
One area in the groin broke down completely under treatment. The entire mass of 
glands in the left groin was then excised under general anesthesia. The glands lay 
entirely superficial to the e.xternal oblique fascia and were adherent in many 
places to the overlying skin. The skin was removed with the glands in a single 
block of tissue. The glands extended from just above the inguinal ligament to 
the saphenous opening. The wound was left wide open, and packed with gauze satu- 
rated with potassium permanganate. 

The pathologic report on this tissue (W. P. S.) was as follows: Paraffin 
sections from the inguinal node showed a loss of lymphoid tissue and diffuse fibrosis 
in some fields and areas of caseation in others. Foreign body giant cells were 
present in small numbers. Endothelial proliferation of Hodgkin’s type and epi- 
thelioid cells of the tubercle t 3 'pe were not found. While caseation, giant cells, 
round cells and fibrosis were all present, in no place were they arranged in typical 
tubercle formation. This histologic condition was consistent with lymphogranuloma 
inguinale (tropical bubo), with the possibility of atypical tuberculosis. 

In a few days the pack was removed, and the wound was treated with equal 
parts of castor oil and balsam of Peru. 

The patient made an uneventful recovery following the excision of the glands, 
and was discharged from the hospital seventeen days later with the wound almost 
entirely healed. 


Case 2. — J. W., aged 42, white, a radio engineer, consulted one of us (B. C. N. 
O’R.) on Feb. 21, 1932, stating that in the previous April or May he was standing 
astride a heavy machine cover and attempted to lift it. His left foot slipped, and 
he felt a sudden severe pain in his left groin. He examined the area, but found 
no unusual lumps or signs, and in half an hour the pain disappeared. Three or 
four days later, on examining this same region, he found a painful area which 
he thought was due to irritation by his clothing. He suspected that he had a 
rupture and consulted a doctor, who told him that he had not, but said that he 
had an enlarged inguinal gland, attributable to a small pustule on his buttock. 
In about ten days the lump in the groin disappeared. 

On Feb. 7, 1933, he noticed the lump again, and at this time had chills and 
slight fever for about a week. He made several attempts through the Industrial 
Accident Commission to have his disability connected with his original strain, all 
of which were unsuccessful. On further questioning we found that in 1926 he 
had been employed on a vessel calling at various ports in the Bay of Bengal, and 
that he had had swollen glands in the left groin for about two weeks. He stated 
that he used hot compresses and the swelling “came to a head and pus ran on 
and then healed.” In 1927 the shipping company employing him wished to send 
him to a hospital in England for a diagnosis, but the patient refused this since the 
swelling in the groin had disappeared. 
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E.a.lnatlon showed the 
exception of the left groin, m whwh h 

skin over them was duskw and adher . ,re to venereal diseases was 

of inflammation. The glands ^^e e • ^.g^tration of 90 per cent; red 

denied. The blood showed; a j j ^ qqq. ^^hite Wood cells, 

"'’The' patient was admitted to St. Luke’s Hosiptal with a diagnosis of b’.tip^- 
granuloma inguinale, and was tested with Frei’s antigen, which had been furniJia 
the hospital bv Dr. H. F. de Wolf of Cleveland. The results of the intradermal 
tests showed, first, an itching and burning, with a 9 cm. area of erythema appearing 
fifteen minutes after the injection and fading in thirty minutes, and second, at 


seventy-two hours a 5 cm. wheal with a central papule. 

The patient refused to allow surgical intervention at that time, but returned 
three weeks later for operation. The operative procedure was as follows : The 
inguinal incision was made around a mass of inguinal glands in the groin. These 
were easily freed from the external oblique fascia, which was exposed and left 
bare. Some glands, down at the external inguinal ring, were included in the 
resected tissue, and two or three were excised from the saphenous opening. The 
femoral vessels were seen, but were not injured. There were two discolored areas 
of skin which were attached to the underlying necrotic gland tissue. The upper 
area was included in the resected mass by extending the incision to surround it. 
making the incision elliptical. The lower area of the two was below the fold of 
the groin, and because by inclusion of this area the scar would be drawn crossing 
the inguinal fold it was not removed, but the glands were scraped away from 
underneath so that only the skin was left. 

The pathologic report (W. P. S.) was as follows : There was a mass of gland 
and periglandular tissue from the groin, consisting of fatty and fibrous tissue and 
two broken-down glands, the larger about 2 cm. across, partly fibrous and with 
multiple foci of soft, creamy, caseous-looking material, each about 1 mm. across. 
Cultures of this material were sterile after ten days’ incubation. Smears were 
negative for acid-fast bacilli. Sections showed the lymphoid tissue markedlv 
reduced by replacement by a formation resembling a tuberculoid granuloma. In 
many fields there was diffuse, dense, almost hyaline, fibrosis. In others the 
granulomatous foci took the form of caseous centers surrounded by a few epithe- 
lioid cells ; outside of this was a sharp zone of fibrosis that quite rapidly became 
dense in the outer layers. Round cells were represented only by the remains of 
the lymph node cells, and giant cells of the foreign body type were found only 
on careful and prolonged search. The adjacent vessels showed thickening and 
arteritis, but without perivascular round cells. 


The various treatments advocated for this disease include tuberculin 
'njcctions, injection of glycerin into the glands and sinuses, roentgen rav 
and u traviolet ray therapy, intravenous injections of 1 per cent solution= 
ot antunony and potassium tartrate and surgical resection. In the cases 
cerS!l'’ '"accessible, the treatment with antimony 

r-i 'u ' I’”'* ' reported here responder 

•P’.dly and perfectly to surgical excision. That such excision is 1hi 
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method of choice is ]3onic out by the experience of one of us (A. W.). 
Wliilc surgeon at the old Marine Hospital in San Francisco years ago, 
he saw many sailors with this condition, presenting in the groin dirty, 
ulcerating, sloughing wounds that had been present for months, and 
had been treated elsewhere by incision. The wounds were often necrotic 
and so foul that the man had the sinus packed with oakum to kill the 
stench. Ne\'erlheless, even these lesions, months old, healed with 
ra])idily following radical excision. 



USE OF BACTERIOPHAGES IN TREATMEN T O' 

■ COLON BACILLUS INFECTIONS OF THE 
URINARY TRACT 

WARD J. MacNEAL, M.D. 

FRANCES C. FRISBEE, A.B. 

:MARTHA APPLEBAU}^!, A.B. 

XEW YORK 

In offering a brief summary of our experience in the application 
of bacteriophage therapy to urinary infections with colon bacilli, ue are 
well aware of earlier observations in this field. A review of the earlier 
work seems superfluous, but we wish to acknowledge our indebtedness 
to the pioneer studies, and their aid as a guide in our own attempts. 
Those who have worked in this field have, as a rule, observed some 
favorable effect, apparently due to the bacteriophage in some instances, 
and an occasional strikingly favorable result evidently related to the 
use of this agent. However, there have been many disappointments and 
unexplained failures, so that some of the workers with extensive experi- 
ence have lost their early enthusiasm for the use of bacteriophages in 
this field. 

We are inclined to think that some of the failures may have been 
due to lack of understanding of the limitations of bacteriophage action 
and to lack of sufficiently intimate and sympathetic cooperation between 
the clinician and the bacteriologist. From experience in our own series 
of cases we are convinced that the technic of application of the remedial 
agent may sometimes determine the issue between success and failure. 
This point is particularly well illustrated by the work of Dr. George C. 
Lcckic ' at the Newark City Hospital. This urologist, employing bac- 
teriophages supplied by our laboratory, treated 14 patients with colon 
bacillus infections of the urinary tract, with 7 recoveries with bacteria- 
free urine. 6 instances of marked symptomatic improvement with per- 
sisting bacilluria and 1 failure. 

These studies Itave been aided by a grant from the Josiah Macj- Jr. Foundation. 

From Uic Department of Pathologj- and Bacteriolog}-, New York Post- 
(ir.iduale Medical School and Hospital, Columbia Universitv. 

1. The patients ai Dr. Leckie arc included in our summarized figures. We 
er,.,er'taml that he will present his detailed observations in a paper of his own. 
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We have more or less satisfactory records for 388 patients from 
whom specimens of urine were sent to us for bacteriophage service In 
ns of these specimens the laboratory study revealed no evidence of 
infection. In 270 bacterial infection was recognized. In these 270 
specimens our records indicate the presence of 318 infectious organisms, 
some of the samples containing 2 or even 3 or 4 different organisms.’ 
Table 1 indicates tlic proportion in which the various types of microbes 
were found and also gives an analysis of their relative susceptibility. 
Ihe predominance of Escherichia acidi-lactici is noteworthy. The 
membeis of the Escherichia group maintained almost the same fre- 
quency of resistant strains, but the Aerobacter group was almost entirely 
resistant to the bacteriophages in our collection. 


Table 1. — SiisccptibilUy to Phages of Organisms in Urinary Infections 




Resistant 

Partial Lysis 

Susceptible 


Total 

Xum- 

Per 

Num- 

Per 

Xum- 

Per 

Organism 

Strains 

her 

Cent 

her 

Cent 

ber 

Cent 

Eschcricliln acldl-Inctlci 

... 115 

13 

32 

21 

2t 

78 

67 

Esclicrlclila communior 

31 

6 

IS 

6 

IS 

22 

64 

Escherichia coll 

15 

2 

13 

6 

40 

7 

47 

Aerobacter group 

4 } 

43 

9S 

1 

0 

0 

0 

Miscellaneous bacilli* 

... 55 

32 

5S 

9 

17 

14 

25 

Staphylococcus aureus 

11 

2 

18 

0 

0 

9 

82 

Staphylococcus albus 

16 

11 

68 

1 

7 

4 

23 

Streptococcus haemolyticus 

9 

9 

100 

0 

0 

0 

0 

Streptococcus (Indlllcrcnt) 

7 

7 

100 

0 

0 

0 

0 

Streptococcus rlrldans 

3 

3 

100 

0 

0 

0 

0 

Streptococcus with partial hemolysis 

Totals 

9 

.... SIS 

9 

137 

100 

0 

47 

0 

0 

134 

0 


* This group consists of atypical Escherichia, 35; Alcaligenes faecalis, 3; protcus group, 10; 
Shigella paradysenterine (Elexner), 1, and Pseudomonas aeruginosa, 6. 


Of the 270 patients with urologic conditions with positive cultures 
there were 72 in whose specimens of urine organisms of the colon bac- 
illus group were not found and 198 in whose specimens colon bacilli 
were present. For t^arious reasons bacteriophage therapy was not used 
for 101 of these patients. The chief reason was our failure to find an 
effective bacteriophage. However, in 18 instances in which an effective 
bacteriophage was successfully prepared in the laboratory it was not 
used in treatment. To 97 patients treatment with bacteriophage was 
given. For 24 of these we lack adequate information in regard to the 
result; for 23 there was a report of failure; 27 showed symptomatic 
improvement without final bacteriologic proof of eradication of the 
infection, usually because no specimen of urine was submitted, and for 
23 there was clinical success coupled with bacteriologic proof of bacteria- 
free urine. These data are shown in table 2. 

A few patients will be considered in some detail in order to illustrate 
the methods employed and the experiences in success and failure. 
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REPORT OF CASES 

r 1 r r a white woman, aged 43, was admitted to tlie hospital ou 
Case 1.~C. C-, a \\mte abdomen, menorrhagia 

Sept. 11, 1929, complami^ \ oT^ber V the appendix, uterus, tubes and ovaries, 
and urinary frequency. On September 1-, the appe , There 

number of leukocytes, and on that day and the next methenamme was given. The 
irritation of the bladder continued. On September 20 the sutures \\crc removed 
from the abdominal wound, and the patient sat up in a chair for hah an hou . 
Her temperature rose, and she became nauseated, and the urine passed on Sep eni 
ber 23 contained many pus cells. A specimen of urine obtained by catheterization 
on the morning of September 24 yielded over 500,000 colonies of colon bacilli per 
cubic centimeter. When the result of the culture became known, the administration 


T.vble 2. — Palicuis •with Urologic Conditions Classified According to Bactcriologic 
Diagnosis and Relation io Bacteriophage Therapy 


Total patients 

Patients trith negative cultures 

Patients irith otber than colon bacUlus inlections.. 

Patients irlth colon bacillus Infections 

Bacteriopbage not used in tieatment 

Ro effective bacteriophage found 

Effective bacteriophage prepared 

Pattially effective bacteriophage prepared. 

Request ivithdrairn 

Bacteriophage used la treatment 

Result not adequatelr repotted 

Failure of bacteriophage therapy 

Symptomatic improvement 

Success vrith bactcriologic proof 


ns 

72 

ICS 

.. 101 

67 

IS 

23 

o 

97 

24 
2.3 
27 
23 


of inethenamine was again started and continued until September 28. Disodium 
inonobydrogen phosphate was also given on September 26, 27 and 28. On Sep- 
tember 28 the patient had her worst day, with persistent vomiting, a frank chill 
and a rise of temperature to 103 F. A blood culture taken on this day was nega- 
tive. The disodium monohydrogen phosphate and methenamine were discontinued, 
and potassium citrate in 15 grain doses was given in order to get the urine nearly 
neutral in reaction, in preparation for bacteriophage therapj’. The fluid intake 
was kept at a high level. 


Meanwhile the colon bacillus from the urine of September 24 had been found 
susceptible to bacteriophage, and a bacteriophage specific for this organism had 
been prepared m broth. A subcutaneous injection of 1 cc, of this broth filtrate 
was given at 8 p. m. on September 30. At 1:40 p. m. on October 1, a specimen 
f urine was obtained by catheterization, and 10 cc. of bacteriophage filtrate diluted 
ut I 90 cc of saline solution was introduced into the urinarj- bladder. The 

coiL L;-n Its cultures yielded more than 500,000 colonies of 

c .on bacilh per cubic centimeter. Serial filtrations of cultures failed to reveal toe 
presence oi bacteriophage in the urine. At 6:30 p. m. on this day a secojV^ 
ma^us injrction of bacteriophage broth was given, this time a dose nf ' 

o» o»cb„ 2 c„™i ',1.. s 
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niB. per Innulrwl cu!)ic ce.Uinictcrs, a low figure. At 2 p. m. on this day urine was 
again obtained by catheterization, and 10 cc. of bacteriophage diluted with saline 
soiiitioii was again introduced into the bladder. TJiis urine specimen was neutral 
in reaction (/>„ 7), and tlie plate cultures showed a marked diminution in the 
number of colonies, there being approximately 125,000 per cubic centimeter. Fur- 
thennore the filtrate of this urine exhibited a strong bacteriophage action on cul- 
tures of the infecting bacterial strain. Administration of bacteriophage was discon- 
tinued. After October 2 the fresh urine specimens, as passed, were frequently 
tested with litmus paper by the nurse. On October 3 and 4 these tests showed an 
acid reaction. On October 5, the reaction became neutral and then alkaline, return- 
ing to acid on tlie morning of October 6 and changing to neutral in the afternoon 
and to acid again on the morning of October 7. On October 8 the morning urine, 
tested by comparator, showed a pn of 6.8. The dosage of potassium citrate was 
increased to 60 grains (3.6 Gm.) for this day and 75 grains (4.5 Gm.) for October 
9. The morning urine of October 10 was distinctly alkaline (pa 7.4). Bacterio- 
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Chart 1 (case 1).— Abridged clinical chart for C. C., showing the course of 
the temperature (T) and pulse rate (F) together with outstanding features of the 
clinical record. 

logic study of the morning urine of October 4 revealed many swollen and distorted 
bacilli in the microscopic preparation. The cultures revealed a further diminution 
in viable bacteria, there being less than 100,000 colonies per cubic centimeter of 
urine The urine filtrate contained a strongly active bacteriophage. The morning 
urine of October 8 yielded only about 1,000 colonies per cubic centimeter of urine, 
and these colonies showed the peculiar effects of bacteriophage as they grew on 
the plates The broth cultures failed to show any colon bacilli, presenting only 
contaminating cocci and diphtheroid bacilli. The filtrate revealed the P«^ce 
a strongiv active bacteriophage. The last urine specimen, obtained on October 10 
was almost clear. Its reaction was alkaline (Pn 7.4). The sediment contained pus 
cells and irregularly stained swollen and distorted bacilli. Plate cultures yie e 
40 000 colonic: per cubic centimeter of urine. The filtrate of the «nne sh c - 

Lined active baLriophage, but in diminished concentration as compared rwth 1 

urine of October 8. The lytic agent had, however, persisted in the urmarj tract 
for eight days. 




BT AL.-COLON BACLBVS ..BBCUOKS 0.,7 

The patient improved clinically from the s^ftat 

monohydtosen phosphale ™e somewhat the adminlMration ot the 

miserable on October 1 a d - 4^ eomfortable, and when discharged on 

‘or'??* r.rr?m ;.mptoma. 

lot^ic proof of success. 

CfvSE R- H., a white woman, aged 31, was admitted to the lospita on 

Feb 2? 1930. On this day the appendix was removed, and a constricting band 
which obstructed the small intestine was released. Following the ^ 

patient was catheterized at 6 p. m. on the same day and also twice on the follouin^ 
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Chart 2. — Abridged clinical chart for A. R. H. 


day. The postoperative progress was satisfactory until IMarch 3, when the sutures 
Mere removed. Following this there were severe abdominal pain and vomiting at 
9.15 and again at 11 : 15 p. m. On the next day there was a constant desire to 


void urine, and a foul odor of the urine was noted by the nurse. Clumps of leuko- 
cytes were recognized by microscopic examination of the urine on iNIarch 5. 
Mclhcnaniine and disodium monohydrogen phosphate were given, beginning on 
March 6. and the patient was allowed to be out of bed each day from ilarch°7 to 
10. Marked dysuria was noted during the night of klarch 10^ and on March 11 
the melhenamine and phosphate were discontinued and potassium acetate was 
mven. On March 12, clumps of pus cells were found in the urine, as before 
. cihtnamine and acid phosphate were started again on March 13. On March 14 

^iTi'r'r? "! after consultation urine was 

Ihxnt culture and microscopic examination for tubercle bacilli 
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urine was negative for tubercle bacilli. It contained pus cells and gram-negative 
bacilli, whicli on culture proved to be colon bacilli of the lactic acid variety. 

The inctbenainine and disodium inonoliydrogeii phosphate were continued until 
1 larch 21. Meanwhile a culture of the bladder urine on March 18 confirmed the 
previous findings. The colonics of colon bacilli on the most dilute plate culture 
inoculated with 0.05 cc. of urine were too numerous to be counted. There was 
increasing discomfort on March 19. On March 20 a cystoscopy was done with the 
patient under nitrogen mono.vide-oxygen anesthesia. Opaque catheters were passed 
into both ureters, and roentgenograms made. These gave essentially negative 
results. At this time specimens of urine were collected from the bladder and from 
each ureter. Bacteriologic study of these specimens showed approximately 
10,000,000 viable colon bacilli per cubic centimeter in the bladder urine, but both 


the ureteral specimens were found negative on microscopic and cultural examination. 

Following the cj'stoscopj', the patient vomited three times, and her temperature 
rose to 100.4 F. on March 21. The niethenamine and disodium monohydrogen 
phosphate were discontinued on this day and administration of potassium citrate 
was begun. The dose of the citrate was increased to 90 grains (5.4 Gm.) daily, but 
the urine remained persistently acid in reaction. Meanwhile the culture of colon 
bacilli had been tested against ten different races of bacteriophage in the labora- 
tory, and the activity of two of these had been enhanced by six serial filtrations. 
Preparations in broth were made available for therapeutic use. On March 27, at 
11 a. m., bladder urine was obtained by catheter, and 10 cc. of the bacteriophage 
broth diluted with 90 cc. of sterile saline solution was left in the bladder. Appar- 
enfl}’’ through some misunderstanding, the citrate was discontinued at this time. 
Cultures of this bladder urine of March 27 yielded 100,000 colonies per cubic 
centimeter, and the organism was tested and found susceptible to the bacteriophage 
used in therapy. On March 28, at 4 p. m., the bladder was again catheterized and 
10 cc. of the bacteriophage broth in 90 cc. of saline solution was left in the bladder. 
A subcutaneous injection of 1 cc. of the bacteriophage broth was given at this time. 
This procedure was repeated at 10 a. m. on March 29. A moderate rise in tem- 
perature was apparently caused by the subcutaneous injections. Bacteriologic study 
of the urine specimens of March 28 revealed no pus cells and no recognizable bac- 
teria on microscopic study, but the cultures yielded 20,000 colonies per cubic centi- 
meter of urine. These bacteria were found by test tube experiment to be susceptible 
to the phage used in therapy. The catheterized specimen of March 29 revealed 
cellular debris and bacilli on microscopic study, and the cultures 3 delded more than 
10,000,000 colonies per cubic centimeter of urine. This organism was now found 
to be resistant to the bacteriophage in the test tube. However, when grown on 
agar plates the strain revealed plaque formation, and by serial filtration of broth 
subcultures a bacteriophage highly potent against stock laboratory cultures was 
again recovered. On March 31, at 3:30 p. m., a catheterized specimen of urine 
was taken. Cultures of this yielded 70,000 colonies per cubic centimeter of urine. 
The organism was found to be resistant to the bacteriophage in the test tube. 

Immediately after the collection of the last mentioned specimen the bladder \yas 
irrigated with boric acid solution. On April 1 at 9 a. ni. a solution of acriflavine 
base was left in the bladder, and on April 2 another irrigation with boric 
acid was given at noon. The administration of potassium citrate, which had been 
interrupted on March 27, possibly because of some erroneous idea on the part of 
the physicians that the citrate might be incompatible with bacteriophage, was con- 
tinued after March 30, and on April 1 it was supplemented with soda. 
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On April 5 at 8 a. m. the bladder rvas catheterizcd, and at 8:30 a. m. on the 
same dav cvstoscopy rvas done with the patient under nitrogen 
anesthesia, another specimen of bladder urine being taken at this time. The er s o- 
scopic examination gave essentially negative results. The first specimen of bladder 
urine (8 a. m.) contained many pus cells and moderately numerous bacilli in the 
■ sediment. Cultures yielded 1,500,000 colonies per cubic centimeter. These bacteria 
were found to be resistant to the special bacteriophage prepared for this patient 
and to twenty-one other races of colon bacteriophages in the laboratory collection. 
The second bladder specimen, taken at the time of cystoscopy (8:a9 a. in.), was 
clear and contained no recognizable leukocytes. Only 4 bacilli were found in the 
microscopic smear of the sediment. Cultures yielded only 15,000 colonics per cubic 


centimeter. 

The record of this patient illustrates a difficuUj' which may arise when a bac- 
teriophage is used to treat urinary infection without adequate care in regulating 
the reaction of the urine. It is possible, however, for resistant variants to develop 
in the patient even when the reaction of the urine is intelligently controlled. This 



Chart 0 , — Abridged clinical chart for P. B. 


patient’s condition was classified as postoperative cj'stitis with failure of bacterio- 
pnage therapy. 

M ^ admitted to the hospital on 

May 1931, complaining of chills and fever lasting for about three days, associated 

liirr abdomen and recurring at intervals of about 

icr od^'t n i;"-" 1 '-th the menstrual 

vi 1 1 a ^ ^ culture taken on ilay 2 was negative, but a culture of the urine 

ateW Ir ^ ^ ^here were moder- 

a- ... 

however, revealed a small • i!. i . ^ Roentgenograms of the kidneys, 

01 the urine r plmrot C^^^ Cultu^ 

colon kacilli. A series of cobnfc of 

ciimtc. 1? srains (0.9 Gm ) was Ef^en"o "tV Potassium 

~ inree doses of potassium 
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citrate, total amount 60 grains (3.6 Gm.), were given, and the patient received a 
subcutaucous injection of 1 cc. of colon bacteriophage broth at noon. On the next 
day she was given a subcntancoiis dose of 1.5 cc. and into the bladder 10 cc of 
liaclcriophage broth diluted with sterile saline solution. Bladder urine taken just 
lircccding this instillation yielded 2,440 colonies of colon bacilli per cubic centi- 
meter. The subtutaneous injection of bacteriophage was repeated on May 24 and 
on May 26, with instillation into the bladder on May 26, 27 and 28. Culture of the 
urine on May 27 yielded 890 colonics per cubic centimeter. The patient was dis- 
charged Oil Maj’ 29. She returned to the outpatient department and received intra- 
vcMcal instillations of bacteriophage on June 2, 4 and 16 and an intravesical instil- 
lation of 1 : 8,000 silver nitrate solution on June 23. From July 3 to 6 she was 
again in the hospital and, under nitrogen monoxide-oxygen anesthesia, received 
local injections of alcohol for relief of pruritus vulvae. Again in the outpatient 
department she received intravesical instillation of bacteriophage on July 14, 21 and 
23. The specimen of bladder urine taken before treatment on May 27 yielded 890 
bacterial colonics per cubic centimeter; that of June 2 yielded 3,780; that of June 
4 yielded 620; that of June 15 yielded 7,270, and those of July 21 and July 23 gave 
no growth. 



This patient’s condition was classified as chronic recurrent pyelitis successfully 
treated with bacteriophage. 

Case 4.--S. H., a graduate nurse, after exhausting service at private duty 
became ill on April 6, 1932, with painful and frequent micturition. On April 8 
she had a severe chill and rise of temperature to 103 F. Constipation had been 
marked since March 30. She was admitted to the hospital on April 13. On this 
day a blood culture was found to be negative. Culture of the urine revealed 
innumerable colon bacilli of the lactic acid variety. Alethenamine was given by 
mouth and also intravenously on April 13 and 14, after which it was discontinued. 
Potassium citrate was given, 40 grains (2.4 Gm.), on April 15, 20 grams 
(1.2 Gm.) on April 16, 40 grains (2.4 Gm.) on April 17, 35 grams ( ■ 
Gm.) on April 18, 60 grains (3.6 Gm.) on April 19 and 40 grams (24 Gm.) on 
April 20. The fluid intake was kept at a high level. Each specimen of urine was 
tested when fresh with blue and red litmus paper, and the morning and evening 
specimens were tested with phenol red and bromcresol purple with 
comparators to determine more precisely the hydrogen ion concen ra ion. 
dosage of the citrate was changed so as to keep the urine nearly neutral in reaction 

At 11 : 48 a. m. on April 16, an intravenous injection of 5 cc. of a 1 ; 
of colon bacteriophage in asparagine was given intravenously 
thirty-five seconds. At 12:35 p. m., or forty-seven minutes after tins injection 
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.as started, the patient had a severe chill, complained oE ringing in the cars 
and became very cyanotic. The rigor lasted for twenty-five nnnutes. At 1 .0 1 
p m. the temperature was 105.8 F., Ure pulse rate, 110, and the rcspwatorj rate. 

20. At 2 p. m. there was profuse diaphoresis, and at 4 p. m. the temperature nas 
101.6 F, A catheterized specimen of urine obtained at 10 a. m. on pri \\as 
nearly neutral in reaction (/-n 6.9). and plate cultures showed 2,600,000 wlonics 
of colon bacilli per cubic centimeter, liloderatcly numerous swollen bacteria were 
seen in the microscopic examination, but recoverj'' of the bacteriophage irom l u. 
urine by serial filtration of broth cultures was not attempted. At 6 p. m. on tins 
day the bladder was irrigated with 1 liter of boric acid solution, and then 10 cc. 
of bacteriophage broth diluted with saline solution was introduced into the bladder 
and retained until 9 p. m. The urine voided at 9 p. m. was clear. On April 19 
at 3 p. m. the bladder was again irrigated with a liter of boric acid solution, and 
bacteriophage broth was left in the bladder as before. On .April 20 at 9; uO a .m. 
a catheterized specimen oE urine was obtained and examined. The cultures brought 
to development 1,170 colonies per cubic centimeter of urine. After the taking oE 
the specimen, the bladder was irrigated with a liter of boric acid solution which 
returned clear. The patient was comfortable and was up in a chair for a short 
time on this day. The bladder was irrigated with a liter of saline solution on 
April 21 and with a similar quantity of boric acid solution daily from April 22 
to 28, inclusive. Preceding the irrigation on April 25, a urine specimen was taken 
tor culture, and it yielded 1,070 colonies per cubic centimeter. Some of these 
colonies presented marginal defects, indicating the presence of active bacteriophage. 
Shortly after her discharge from the hospital on April 28, the patient returned 
to duty as a nurse. 

On May 16 and again on December 5 bacteriologic examination of her bladder 
urine showed it to be free from bacteria. This patient’s condition was classified 
as acute pyelitis with successful outcome of treatment confirmed by bacteriologic 
examination. 

COitMENT 

From the numerous cases of urinar}' infection we have selected these 
4 as examples of success and of failure in acute and in chronic forms 
of this disorder. Pyelitis does not ordinarily present a serious threat 
to the life of the patient, and frequently it may permit a moderate 
amount of efficient activity. On this account, the patient and perhaps 
also his physician may not care to make too great a sacrifice in order 
to eradicate the infection. It is also evident that some urinary infections 
'vith colon bacilli are due to strains for which active bacteriophages are 
not now available. Furthermore, it sometimes happens that the infecting 
lacterial strain, at first susceptible to lysis by bacteriophage. later 
nctiuires a resistance to this agent. We do not, "therefore, regard bac- 
teriophages as panaceas for urinary infections witli the colon bacillus. 

te hasty application of these agents without consideration of their 
umtations may be expected to lead to frequent disappointment. Par- 
icmarly will this be the case when they are applied without adequate 
intake and without attention to the chemical reaction of the urine 

antiseptics such as methen- 
or in combination with repeated superfluous cvstoscopic and ure- 



642 


ARCHIVES OF SURGERY 


tcral ^ iiistrumentatioii. On the other hand, when employed with 
intelligence and care and adequately controlled by continued laboratory 
studies throughout the course of treatment, the bacteriophages may often 
be of help and occasionally appear to bring about a dramatic favorable 
result. 

SUMMARY 

1. The results of bacteriophage treatment of urinary infections with 
colon bacilli have been highly irregular. 

2. Some failures appear to be explained by the presence of resistant 
bacterial strains or bacterial strains which acquire resistance during the 
course of treatment. 

3. Many failures in our series have obviously been due to a lack 
of sustained interest and of adequate sympathetic cooperation on the 
part of the patient, the clinician and the bacteriologist. 

4. The technic of administration of bacteriophage and the adequate 
control of accessory therapeutic measures play a large part in determin- 
ing success or failure. 

5. Properly applied in properly selected cases of urinary infection, 
the bacteriophages add something of real value to the therapeutic arma- 
ment in the urologic field. 



ABSORPTION OF DEXTROSE A:\'D WATER BY THE 
S^IALL INTESTINE AND THE COLON 


AX EXPERIMEXTAL STUDY 


REGINALD A. CUTTING, M.D., CAL, Ph.D. 

NEW ORLE.\NS 

In view oi the great importance in the practice of medicine of an 
adequate understanding of the normal processes of absorption from the 
gastro-intestinal tract, one is rather surprised to find that man}' hiatuses 
exist in the knowledge of this function — hiatuses that involve rather 
liasic considerations. This is particular!}* true with reference to the 
absorptive activities of the large bowel, concerning which comparativelv 
feY facts are known for certain and much of the experimental investiga- 
tion of which is inconclusive. 

No one can question the ability of the large bowel to absorb certain 
su stances, e. g., certain anesthetic substances, because of the charac- 
teristic train of symptoms which follow their administration and which 
could occur in no way other than as a result of absorption. Thus, one 
" 0 has even once seen rectal anesthesia from ether or avertin has 
SorpSn^^'^'^^ incontrovertible evidence of specific colonic 

the point of view of a knowledge of 
the 2- ^^sorptive tunction, many of the other substances which 

-^™duce into the rectum for 
- -e produced 

liWilS or t T T the possibilitv, 

taken to inH* T" ^tich substances resort must be 

series of control observatLr"''' tralculations and an ample 

quantifies^f ulteTanTterttr' absorbing significant 

sodium bromide n ^ ? simple salts, such as sodium chloride 

de.r* cdZrii r : 1 1 -r 
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I’lUiVious findings and methods 

AS RECORDED IN the LITERATURE 


OF 


_ Exhaustive reviews of tife literature on this subject have appeared 
'll print, notably tlic recent excellent one of Ebeling/ and no good piir- 
])ose would tlierefore seem to be served by a mere repetition of previous 
experimental rmdings according to author and year of publication, 
(nasmuch. however, as the experimental findings have been by no means 
conclusive, first, because the actual results obtained by similar methods 
of study hut by difl'erent investigators have yielded almost diametrically 
opjiosite conclusions and, second, because in many instances the methods 
of ex]ierimentation have been open to more or less obvious and serious 
fundamental criticism, it seems desirable, even at the risk of repetition, 
to marshal again the results of previous investigators, but arranged 
in such a manner as to expose possible sources of error, and arrive, 
if possible, at a tentative conclusion which will, so far as possible, 
reconcile ajijiarent discrepancies. 

In general, two methods of attack have been used in investigating the 
problem: {a) the indirect and {b) the direct. 

In the indirect attack, dextrose solutions of known concentration 
have been introduced into the large bowel by way of the anus in human 
beings and experimental animals, and the absorption of the dextrose 
has been measured by repeated estimations of the blood sugar or by 
repeated measurements of the respiratory quotient. 

In the direct attack, solutions of dextrose of known concentration 
have been introduced into the rectum in human beings or into segments 
of intestine isolated at laparotomy under general anesthesia in animals, 
and later have been recovered and analyzed, the difference in amount 
between the injected and the recovered dextrose being taken as the 
measure of the absorption — the “wash-out method.” 


Results Obtained by Indirect Methods— Mtibod Based on Estima- 
tions of Blood Sugar: The greatest volume of experimental evidence 
has been collected on two assumptions : ( 1 ) that the blood sugar content 
necessaril}^ increases whenever absorption of dextrose occurs from an) 
part of the gastro-intestinal tract, and (2) that the blood sugar value 
is a function of dextrose absorption— that when absorption of dextrose 
occurs at a given rate the blood sugar value shows a definitely corre- 
sponding increase. 

1. Some investigators have drawn conclusions from estimations of 
the peripheral A^enous blood sugar. 

1. Ebeling, W. W.: Absorption of De.A:trose from the Colon, Arch. Surg. 
26:134 (Jan.) 1933. 
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solution to Itonmu beings, and conduded from pcnpl.cral ^ 8^ 

detent, inations and from urinalyses that nnnute antounts o deytro c 
were soon absorbed, but that the solution was not toleiated loni, an 


was soon expelled. • ai c 

Franke and Wagner * introduced 25 Gni. ot dextrose m the Ion ^ 

of 50 per cent solutions into the rectum in dogs and determined the 
peripheral blood sugar level at the end of fifteen, thirti’. forty-five and 
sixty minute intervals. These authors found little, if any, ettect on the 
blood sugar level. 

Levi ^ injected 500 cc. of solutions of dextrose varying in strength 
from 10 to 16 per cent into the colons of (1 ) normal men during fasting. 
(2) diabetic patients and (3) patients recently subjected to tnajor 
surgical operations, and found that peripheral blood sugar estimations 
indicated individual differences in absorptive power, but that in general 
only small quantities of dextrose seemed to be absorbed. 

Pressman® introduced 33 per cent solution of dextrose ijffo the 
rectum in human beings, and found that this caused a decrease in the 
peripheral blood sugar. 

De Takats ' found that the introduction of large quantities of 5 per 
cent solution of dextrose under the skin or into the mouth caused 
increases in the peripheral blood sugar, whereas the introduction of 
•Such a solution direct)}' into the blood stream caused a decrease in the 
peripheral blood sugar during a period of two hours. 

Scott and Zweighaft® examined the peripheral blood sugar level 
in medical students following rectal administration of hypertonic solii- 
tions of dextrose. They found no increase in the blood sugar after the 


2. laUcrmann, Iv H,; On the Rectal Absorption of Glucose. Quart. T. Med 
13:3cfi (July) 1920. 

3. Varela and Rubino: Rektak Dextrose Zufulir und Blutzucker. Med KHn 
18:8.31. 1922. 

Franke, \\ .. and Wagner, R. J. ; Studies on the Fermentable Blood Svwar 
•Wer Parenteral and Rectal Administration of Glucose. J. Metab. Research 

Tw.D : a Note on the Glucose Enema and Its Value in Postoperative 
i rc.-itmcnt. Brit. J. Suvg. 15:282, 1927. wioperainc 

323. per Rectum. Am. J. M. Sc. 179; 

Postoperative Order. Am. J. Surg. 

!iect,al .\dministmtion,. of'S^sw^A^dflnt 
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admintbtration of 180 cc. of a 15 per cent or a 30 per cent solution, a 
( ccrcasc of about 10 mg. per iuindrcd cubic centimeters of blood after 
the administration of 200 cc. of a 10 per cent .solution and a decrease of 
/.5 mg. i)cr lumdred cubic centimeters of blood after the administration 
of 400 cc. of a 10 ])er cent solution. 


Such e.xperimcnlal results arc inconclusive for at least three reasons : 

(n) Authorities are not agreed that the peripheral blood sugar varies 
in parallelism with the intestinal absorption of dextrose. 

Coii” concluded after investigating the alimentary absorption 
of dextrose that the perijiheral blood sugar level cannot be used as a 
measure of intestinal absorption. 

];.heling ^ concluded that estimations of the blood sugar are not 
accurate criteria of the intestinal absorption of dextrose, at least when 
the rate of absorption is slow, i. e., that there is no correlation between 
the blood sugar level and the rapidity or the extent of absorption. 

i\Iagec and Reid concluded, on the other hand, that the peripheral 
blood sugar level can he used as a measure of intestinal absorption. They 
found at a time when no intestinal absorption was occurring that the 
portal and systemic blood sugar values were practically identical, whereas 
within about three minutes after a solution of dextrose had been ingested 
the portal blood sugar showed an increase of approximately 20 mg. 
per hundred cubic centimeters, and that this general disproportion was 
maintained throughout the period of absorption ; however, inasmuch 
as both levels rose, the systemic blood sugar level was as good an index 
of absorption as the portal level. 

(b) Almost without exception, intensely hypertonic solutions have 
been used, and, reasoning from the established action of other hypertonic 
solutions in the intestinal tract, one would expect, at least as a primary 
action, abstraction of water from the intestinal capillaries or tissue spaces 
to occur rather than absorption of the solute. That this is exactly what 
does happen when Itypertonic solutions are used is suggested by the 
accurate clinical observation that such solutions are irritating (i. e., 
their bulk soon becomes intolerable), and that they are expelled. 

(c) Finally, judged purely on their own merits, the results are 
inconclusive inasmuch as some increase in peripheral blood sugar has 
been found by a number of investigators, no increase by others, and 
even a depression of the peripheral blood sugar by still others. 

2. Recently several investigators, using experimental animals, have 
attempted to draw conclusions from estimations of the blood sugar m 


9. Cori, C: Mammalian Carbohydrate Metabolism, Physiol. Rev. 11:143, 1931. 
10. Magee, H. E., and Reid, E.; Absorption of Glucose from the Alimentary 
Canal, J. Physiol. 73:163, 1931. 
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samples takeia from the radicals of the portal system draitdng isolated 
loops of intestine in which solutions of dextrose had been placed. ^ 
Inasmuch as these experiments have been combined with observations 
by the “wash-out” or direct- method, they can best be detailed under 
the heading of the latter a little later. These experiments have seemco 
to show that little if any absorption of dextrose occurs compared with 
that occurring in the ileum. 

For the present it will suffice to mention some of the possible short- 
comings of such a method ; 

(a) All such experiments involve anesthesia, laparotomy, trauma 
to the intestine and its blood vessels, some hemorrhage, and usualli’ 
difficult}- in obtaining adequate quantities of blood for proper analysis. 
Anesthesia and operative manipulations, at least, cause variations in the 
blood sugar level, as I shall demonstrate later by my own experiments. 

(bj The experimental conditions involve the absorption of water 
and dextrose; since the dextrose is supplied in solution, obviously the 
absorption of a considerable amount of water vitiates quantitative 
estimation of the absorption of dextrose, for the concentration of 
dextrose which is taken as the measure of absorption is affected b}- the 
dilution, a simple fallacy but one which seems to have been completely 
overlooked. 


(c) Such a method would fail entirely to show the absorption of 
dextrose if the absorption were sufficiently slow, for the experimental 
error in blood sugar analysis would mask it completely, and an amount 
of absorption which might be slight in an hour or two and after an 


extensive intra-abdominal operation might be considerable in a period 
ot several hours, especially in a patient not subjected to laparotorr.-.c 
I^Ietliod Based on Effects on the Respiratory Quotient; O-dnV 
investigators have used the respiratory quotient to measure 

Hari and Halasz “ tied a ligature tightly about the ileocecal b- 
dogs and after introducing solutions of dextrose through t;'.e rr-- - 
found only slight increase in the respiratory quotient. 

In two experiments on human beings, Carpenter'' srorir---.-..- - 
retention enemas of 30 Gm. of dextrose in 500 cc. of pk- ;fV/r .. 
ot sodium chloride. Within trvo or three hours, the re-xF's- • - V ' ^ 
changed trom 0.02 to 0.05, and a considerable 'I’."' r. ' / ’ 

originally introduced could not be reco%-erf:d h'- -x-s- ...1 ' 

' 1/.5 Grn. iti one case and 26.3 Gra. in the ori.4',/ ' ' " ' 

That the respiratory quotient is a reriabG 1-., . .. 


.-.'.•i.-r.nhoj; i- generally agreed, but that 



U 'iiari. and Habsr. A. V.; E;-'.ri 
C-irpcnu-r. T. M.; Human 
- : I-cvutosc, Washineton. D. C 
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of (Ictcnnining llic absorl^/ioi, of dextrose lias been apparently well 
demonstrated. J-urthcrmore, Brodie, Cullis and Plalliburton concluded 
from experiments m 1910 that increased consumption of oxygen might 
follow the introduction of ordinary distilled water into the bowel. 

I hat (he administration of dextro.se to patients is not necessarily 
immediately followed by catabolism of this substance was shown by 
fvoster and his associates.' ' They demonstrated that even when dextrose 
solutions were introduced directly into the blood stream the respiratory 
(luotient was not altered if the injections were performed in the early 
days following an extensive surgical operation (the interpretation of 
this is that in such cases the injected dextrose is not rapidly and 
immediately cataholized) . 


Rcsiilfs Obtained by the Dircet Method.— The, direct or “wash-out” 
method would seem on first consideration to olifer a rather easy solution 
to the problem. 


1 . Some of the early work in which this method of approach was 
used was done employing human beings and introducing the solution 
by anus. 

Deuchcr introduced 200 Gm. of dextrose into the rectum of a 


patient during a jicriod of nineteen hours, after which he was able to 
recover only 46 Gm., or 23 per cent of the total amount. 

Bingel placed 35 Gm. of dextrose in the bowel of a series of 
diabetic patients and one hour later was able to recover 31 Gm. by wash- 
ing out the colon. 

Scott and Zweighaft administered 10 to 30 per cent solutions of 
dextrose to medical students by rectum and recovered from 25 to 50 


per cent. 

The objections to these experimental observations are mainly three: 

(a) Grossly hypertonic solutions were used, and hj^pertonicity 
probably hinders rather than facilitates absorption, as previously men- 
tioned. 

(b) Losses occurring as a result of unrecognized expulsion from 
the anus or regurgitation into the small intestine through the ileocecal 
valve would be falsely interpreted as due to colonic absorption. 

(c) No allowance was made for the possible effect of dextrose- 
splitting bacteria or other dextrose-splitting agents in the bowel. 

13. Brodie, T. G.; Qihis. W. C, and Halliburton, W. D. : J. Physiol. 40:173, 


14. Koster. H. ; Collens, W. S., and Gold.ieher, M. A.: Injection 

of Glucose; Its Effect on Respiratory Quotient, Am. J. Surg 8:970, 193 . 

15. Deucher, P. : Deutsches Arch. f. klin. Med. 58:210, 1897. 

16. Bingel, A. : Therap. d. Gegenw. 45:436. 1905. t- „ • 

17. Scott, E. L., and Zweighaft, J. F. B.: Blood Sugar <n Man Following 
Rectal Administration of Dextrose, Arch. Int. Med. 49:221 (Feb.) 193-. 
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2. Bv far the most mtpvessive experimental tvork has been performed 

nn aninmls under anesthesia and after laparotoni} . 

AIcNealv and Willems reported absorption experiments in a senes 
of do„ed as follL: (a) All food teas f 

sixteen to eightLn hours; (b) anesthetization ^vas produced m l barbi- 
tal and reenforced xvith a small amount of ether; (r) comparable loops 
of colon and ileum were isolated between ligatures, and glass cannulas 
were tied into the four ends of the isolated loops ; (d) the isolated loops 
were thoroughly washed out with physiologic solution of sodium 
chloride, U) 50 to 75 cc. of 5 per cent dextrose solution was then 
introduced into each of the isolated loops; (/) the solutions were 
removed in toto by “washing-out” at the end of one-half hour; (g) 
similar amounts of 5 per cent dextrose solution were then introduced 
and washed out at the end of one hour, and (/i) the solutions removed 


after one-half hour and one hour were then analj^zed for sugar content. 
The venous blood draining from the loops was analyzed at the beginning 
and at the close of the observations. 

The amount of dextrose lost from solutions introduced into the 
colon was small and within the limits of experimental error (from 3.4 
]>er cent to 13 per cent) ; the amount of dextrose lost from the ileum 
was much greater (from 18 to 69 per cent). Analyses of the blood 
sugar level in the veins draining the isolated loops substantiated these 
conclusions, for in no case was there an appreciable increase of sugar in 
the blood draining from the colon, whereas in all cases there was a 
marked increase of sugar in the blood draining from the ileum. 

Ebeling^ used an experimental technic similar to that of ^IcXealy 
and \\ illems. Dogs were used as experimental animals. Loops of intes- 
tine were isolated between ligatures at laparotomy under sodium amytal 
anesthesia, one loop consisting of the appendix and a segment of the 
adjacent ileum, and the other loop consisting of the colon and rectum. 
Gloss cannulas were then tied into both ends of each loop. The intestinal 
segments were thoroughly flushed through and through with warm tap 
water. Measured amounts of warm 5 and 10 per cent solutions of pure 
bacto-dextruse were then introduced into the loops. Samples of blood 
were withdrawn from the femoral vein at intervals of one-half hour; 
'-■uuples of blood were taken from the ileal and colic veins before and 
alter each period of observation. The sugar concentration was deter- 
mined m every sample. At the end of each period of observation, the 
'egmieins ot intestine were thoroughly evacuated and flushed with 
....'It cc ,.f distilled water. The percentage recovery of dextrose was 
eak'uiaied alter chemical analysis. 


McXcaU. R. \V., .^nd WiUems. J. D.t .Misorption of Glucose from Colo, 
ot Gluco.^c Evetnr.. Surg.. Gynec. & Obst. 49:794. 1929. 
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Lbchng concluded from his observations on twenty-four animals: 

(«) Solutions of dextrose arc absorbed only slowlv and in small 
amounts from the entire colon of the dog, but much more rapidly and 
m larger amounts from the ileum. 

(/O The absorption of dextrose from a 10 per cent solution is 
slightly more rapid than that from a 5 ])er cent solution, but the dif- 
ference in degree of absorption is not great. 

(c) J he rate and the amount of absorption of dextrose from the 
colon is much greater in hypogl 3 -ccmic than in normal animals and in the 
lormer may apj)roach the normal rate of absorption from the ileum. 

{(I) The blood sugar values show no direct correlation with the 
rate and the amount of intestinal absorption, especially when the latter 
is small. 

(r) The water in a solution of dextrose is absorbed less rapidly by 
the colon than is tap water to which no dextrose has been added, i. e., 
the presence of dextrose hinders the absorption of water. 

It seems on first consideration that the experiments of McNealy and 
Willems and Ebeling should definitely settle the question of colonic 
absorption. The}' found little absorption from the colon in a reasonably 
large and most carefully manipulated series of animals in which details 
of technic were carefully observed. 

The only objections to complete acceptance of the findings are: 

{a) What is found in a dog may not find direct application in man. 
This is an objection common to many experimental studies, and in this 
instance should probably carry little weight. 

{b) The observations were made under anesthesia and after exten- 
sive intra-abdominal surgical manipulations. However, it should be 
remembered that these factors largely cancel out when absorption from 
the colon is compared with that from the ileum in the same animal at the 
same time. 

(c) Absorption rates were compared based on segments of intestine 
which were apparently not measured with accuracy and which con- 
sequently may not have presented comparable surface areas. Obviously 
the unit of measurement Avhich should be used as an index of absorption 
involves surface area and time; viz., a given portion of the intestinal 
mucosa absorbs at the rate of a certain number of cubic centimeters or 
grams of a given substance per unit area per unit of time. Any experi- 
ment which compares unknown surface areas yields results which may 
tell the truth or the direct opposite or any intermediate degree of truth 
or falsehood, depending on circumstances. 

(d) The trauma to the intestine was maximal. Not only were loops 
of intestine brought out of the abdomen, isolated and ligated and 
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cannulas inserted, but they were then subjected to a thorough washing; 
therefore not only the outside or peritoneal coat was subjected to dtrec 
“uhhe surface as well. The effect of even shght trauma 

on the motility of the iutestiue is well known to all abtlomma surpous , 
mere opening of the abdomen causes cessation of practically all peri- 
stalsis, and the normal motility does not return for many hours after 
the abdomen has been carefully closed again. It seems reasonable to 
suppose that the absorptive function may suffer as great or even greater 
disturbance. If so, it would not seem mere wild conjecture to assume 
that different parts of the intestinal tract may show' differential sus- 
ceptibility. As a result of continued washing, the colon and rectum, 
which normally contain solid or semisolid material, may rvell undergo 
greater disturbance of absorptive function than the ileum, the contents 
of which are normally liquid. In this connection it should also be 
remembered that technically manipulation of the colon is more difficult 
and therefore more likely to be productive of trauma than is manipula- 
tion of the ileum, ow'ing to the nature of its position and its attacliments. 

(e) The fact that under conditions of continued hypoglj'cemia 
Ebeling found the colon able to absorb dextrose nearly as well as the 
normal ileum certainly suggests that the colon is not lacking in ability 
to absorb. 

EXPERIMENTS 

The experiments about to be described were undertaken under the 
stimulation of the work of McNealy and Willems previously reviewed. 
They had already been completed before the appearance of Ebeling’s 
e.xcelleiit article. Had the results of these experiments agreed rvith those 
reported by ^McNealy and Willems and Ebeling, I should perhaps never 
have attempted to place them on record. 

My work was undertaken, as already suggested, because of a con- 
viction that all previous work not based on actual analysis of injected 
and recovered dextrose (the direct or “wash-out” method in experi- 
mental animals, in which all factors could be carefully controlled) was 
subject to so many discrepancies as well as differences of interpretation 
as to leave the question of colonic absorption practically unanswered 
•urthcrmoie. I felt that the work of McNealy and Willems, though 
il'f ^ an answer, was not quite convincing, mainly because 

tl cy allowed only a relatively short period of absorptiL after a period 
of mtensc trauma and then failed entirely to make their comparisL in 
of the amount of absorption per unit of .surface area per unit of 

I’urthermorc. inasmuch as these authors had used a • 

dcrn-at.ve as an anesthetic agent and had then used hloL 
turns as an essential nan ft - “ ^stima- 

c..cntial part of them expenmental observations without 
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investigating the elTcct of the drug itself on the blood sugar, it 
tclt tliat this matter should be subjected to observation. 

Still further, in order to obviate, so far as possible, the factor of 
mucosal trauma due to repeated washings, I planned to allow absorption 
to occur m tlic presence of the normal intestinal contents; thus it 
became essential to determine the error introduced by the dextrolytic 
action of the normal contents. 

iLspeciallj'’, I planned to allow a longer period of absorption — four 
hours instead of the one-half hour and one hour allowed by McNealy and 
Willems in order to reduce experimental error to a minimum. 

The following technic was the common denominator of all of the 
e.xpcriments : 

Prcstitvnbly normal, full-grown mongrel clogs of various sizes were used as 
experimental material. Previous to the time of experimentation, the animals had 
been fed ordinary kennel rations. They underwent no period of preliminary fast- 
ing or other preliminary preparation of the intestinal tract. They were anesthetized 
hy injecting into the external jugular vein a dose of sodium barbital computed on 
the basis of 0.3 Gm. of the drug per kilogram of body weight. Surgical anesthesia 
was induced by this dosage in most cases within from five to eight minutes. If 
at the end of ten minutes the animal was not entirely anesthetic, a small amount 
of ether was administered by inhalation to the point of anesthesia. The animal’s 
abdomen was then opened by means of a 2 or 3 inch (about 5 or 7 cm.) low 
paramedian incision. 

Specificall}’’, the experiments were divided into four series, which 
were platuied to answer the following questions : 

1. To what extent are the normal contents of the ileum and colon 
capable of splitting artificially prepared dextrose solutions when acting 
at body temperature for a given interval of time 

2. Does sodium barbital in anesthetic doses itself have an effect on 
the blood sugar? 

3. Do laparotomy and extensive intra-abdominal manipulation have 
an effect on the blood sugar? 

4. To what extent do the various parts of the intestine absorb dex- 
trose and water from isotonic and hypertonic dextrose solutions ? 

Lysts of Artificially Prepared Dextrose Solutions by Intestinal Con- 
tents. Five dogs were used. The entire colon and rectum were isolated 

between ligatures after the mesenteric blood supply was controlled. 

A corresponding segment of the terminal portion (about 40 cm.) of the 
ileum was isolated between ligatures and removed in the same manner. 
The content of each of these segments was then expressed into a sepa- 
rate beaker. Exactly 150 cc. of an accurately prepared 5 per cent solu- 
tion of bacto-dextrose solution was then added to each of the two 
solutions. The beakers were placed in the incubator at 37.5 C. for 
four hours. The solutions were then carefully filtered, measured and 
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analyzed by Benedict’s quantitative urinary sugar method for dextrose 

rontent The loss of dextrose was calculated. ^ 

Results; Both colonic and ileal contents showed dextroly tic proper- 
ties, but the colonic contents showed more active lytic 
the ileal contents. The average recoveries were as follows for t 
colon, recoverj' of 87 per cent of the added dextrose; for the ileum, 
recovery of 96.6 per cent of the added dextrose. 

There is little opportunity for direct comparison between these 
results and the results obtained by previous investigators, for the experi- 
mental conditions have not been comparable. 

BingeP® found that when dextrose was added to fecal material 
and incubated the loss was almost as great as that which occurred when 
dextrose was placed in the bowel of a living diabetic patient. 

Boyd and Robertson incubated dextrose solutions with colon 
bacilli and concluded that the amount of dextrose disappearing as a 
result of bacterial action was insignificant. 

In 1925, Cori incubated measured quantities of dextrose in seg- 
ments of the small intestine at 37 C. for periods of from three to five 
liours, and concluded that the loss of dextrose due to bacterial action 
uns so small as to be negligible. 

Pressman ® found that nearly 90 per cent of the dextrose in a 
given solution was destroyed by incubation rvith feces for seven hours. 

Ebcling ^ incubated 75 cc. of a 4.7 per cent solution of dextrose in 
an excised and washed segment of the colon at 37.5 C. for two hours 
and estimated the loss of dextrose as a result of the incubation at 2.6 
per cent. 

Effect of Aucstbctic Doses of Sodium Barbital on Blood Sugar. 

In a series of twenty dogs Folin and Wu blood sugar analyses rvere 
performed; (1) just before the administration of anesthetic doses of 
sodium barbital and (2) again about five minutes after surgical anes- 
thesia had been induced by this drug. 

Results; Fifteen of the twenty dogs, or 75 per cent, reacted with 
a rclatue hyperglycemia. The increase varied between 2.5 mg. and 
-■'O.I mg. per hundred cubic centimeters, with an average of 15.46 mg. 

Ihc remaining five animals reacted with a relative hypoglycemia 
and showed decrements ranging between 1.1 mg. and 9.5 mg per 
hundred cubic centimeters, with an average of 6.24 mg. ^ 

hrom these findings it becomes evident that pharmacologically sodium 

l.y,Krglycc„*; included in ,l,is group are epinephre, 

Ia Cceenw. 1905. 

S; • C F 5“""" ''■ >»■ 
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picrotoxin quinine and probably many others. Tlie exact mechanism 

winch tins particular drug produces its hyperglj^emic effect can be 
dclcrnnned only by further experimentation, as the hyperglycemic 
mechanism docs not seem to be the same for all drugs. 

1 his intei csting pharmacologic observation is not recorded with the 
purpose of suggesting that false conclusions have necessarily been drawn 
when experimental work has been performed under the anesthetic action 
of the barbiturates; not only may other barbiturates, like amytal, fail 
to show this action, but prcsnmablj^ a normal blood sugar reading has 
been made after the administration of the drug. Plowever, the possi~ 
bility of serious error is suggested, and the phenomenon can at least 
be cited as evidence of the general instability of the blood sugar under 
c.xperimental conditions. 

Effect of Lafnrotowy and I ntra- Abdominal Manipulation on the 
Blood Sugar . — In a series of seventeen dogs surgically anesthetized 
with sodium barbital tlie effect on the blood sugar of laparotom)^ and 
intra-abdominal manipulations was studied as follows: 

Folin and VVu blood sugar determinations after anesthetization with 
sodium barbital were compared with a similar series of blood sugar 
determinations made after the abdomen had been opened and the colon 
and ileum had been ligated and cannulas tied in, as will be described in 
the discussion of the principal part of the experiment, which follows. 

Results : All except two of the seventeen animals, i. e., 88 per cent, 
showed relative hyperglycemia as a result of the operative manipulations. 
The increases varied between 13.4 mg. and 92.7 mg. per hundred cubic 
centimeters, with an average of 39.36 mg. 

The two animals excepted showed decrements of 12.9 mg. and 2.5 
mg. per hundred cubic centimeters, respectively. 

These results introduce the opportunity for ratlier interesting spec- 
ulation as to the general value of blood sugar estimations as a measure 
of intestinal absorption under traumatic experimental conditions. If 
the peripheral blood sugar varies so greatly as a result of mechanical 
surgical manipulation alone, how can one hope to settle the question 
of intestinal absorption by a study at least of portal blood sugar values, 
since the mere obtaining of samples of blood for the determinations is 
inevitably associated with rather extensive handling of the intra- 
abdominal organs? 

Differential Absorption of Dextrose and Water by the Colon, Hewn 
mid Jefunnnu—The “wash-out” method in combination with periodic 
examinations of the peripheral blood sugar was used in an attempt to 
determine the differential absorption of dextrose and water by the colon, 

ileum and jejunum. 
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A series of riventy dogs formed the basis for the conclusions ; other 
animals urL used bit tvere not included in the final comp, lation of 
results because they did not yield a complete senes of observations. 

After the induction of anesthesia and the performance of laparotomy as 

pre^Lsly described, segments of intestine Nvere isolated the tlchnic 

Latures Cannulas were inserted into these segments proximally only , the tec 
of inserting the cannulas consisted of (1) the introduction of a purse-stnng suture 
of linen jmt distal to the point of proximal ligation, (2) the introduction of a 
small glass cannula through the purse-string suture about the cannula (the purse- 
string suture was then tightly drawn) and (3) the introduction and tying of a 
second concentrically placed purse-string suture so as to preclude all possibihty 
of leakage. The cannula was then connected by a short piece of rubber tubing o 
a short buret of large bore (50 cc. syringe barrel). The buret was held in a 
vertical position just above the animal’s abdomen by means of a buret clamp. - 
of the manipulations were performed as rapidly and with as little trauma as 
possible; laparotomy pads wet with warm saline solution were freely used, and 
the greatest care was taken to prevent chilling of the abdominal contents and undue 
exposure to the air. As soon as these relatively simple manipulations had been 
made, the abdominal incisions were closed by means of several interrupted “through 
and through” sutures, and the animals were not disturbed thereafter for the dura- 
tion of the experiment except periodically to withdraw blood from the external 
Jugular vein. 

The animals were prepared in two series of ten animals each. In one series 
10 per cent solutions of dextrose were used; in the other, S per cent solutions of 
de.xtrosc were used. Bacto-dextrose was employed for the preparation of solu- 
tions throughout; the dextrose was accurately weighed on a good analytic balance, 
and the solutions were subsequently checked by titration. 

In five animals in each series as much of the colon as could be isolated intra- 
abdominally was used for one loop, and a corresponding length of the lowest part 
of the ilenm (about 40 cm.) was used for a second loop ; the cecal appendage was 
not included in either loop. In the other five animals of each series a third loop 
consisting of a comparable portion of jejunum was also isolated. Thus, in five 
animals of each scries two loops (colon and ileum) w'ere used, and in the remain- 
ing five animals three loops (colon, ileum and jejunum) were used. 

The experimental observations began as soon as the abdomen of each animal 
was closed and the burets attached. First a sample consisting of 5 cc. of blood was 
obtained from the external jugular vein. Then an accurately measured amount of 
dextrose solution was poured into each buret. At intervals of exactly one hour 
additional samples of blood were removed from the e.xternal jugular vein. The 
fiuid level in the burets was maintained, as absorption occurred, by the addition of 
measured amounts of dextrose solution; thus variable but accurately measured 
ainounls were introduced, depending on the capacity and absorptive reaction of 
t ic individual loop. At the end of four hours, the animals were killed the 
aWonien was rapidly opened, the loops of intestine were cut away, the contents 
the loops were carefully collected and measured, and the loops were carefully 
■ I'ht ongundmally and their surface areas computed by mensuration 

All ot the blood samples were immediately analyzed for su-ar content hv. tt,. 

filtered through coarse filter paper and 
ii.^ar content by Benedicts method for urinart- sugar. 
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Ivcsults : i he ainouiUs of water absorbed by the mucosa per hundred 
square centimeters of surface area per hour are revealed in table 1 ; each 
computation represents the average of ten observations for the colon 
and the ileum and five observations for the jejunum. 

It is obvious that all portions of the intestinal tract (colon, ileum and 
jejujuun) absorb water from both 5 per cent (isotonic) and 10 per cent 
(hj'pci tonic) solutions of dextrose. From the 5 per cent or isotonic 
solution, however, relatively large quantities of water are absorbed, 
whereas from the 10 per cent or hypertonic solution much smaller quan- 
tities are withdrawn. 

1 A!ii.E 1. — Mucosal Absorption of Water from Aqueous Solutions 

of Dextrose 


Cubic Centimeters of Wnter Absorbed per Hour per 
Satinre Centimeter of Surface Aren of Mucosa 

Colon Ileum Jejunum 

ll.-IO G.18 26.35 

8.5 0.15 1.8 


Solution of 
De.xtrose 

(To 

107c- 


Table 2. — Absorption of Dextrose 


Solution of 

Hc-vtrosc Scement Absorbing 

5% Colon nnd Ileum 

Colon, Ileum and jejunum 

IUtd Colon nnd ileum 

Colon, Ileum and jejunum. 


Grams of Dextrose Absorbed per Hour per 
Hundred Square Centimeters of 
Mucosal Surface Area 

- -A- 


Colon 

Ileum 

Jejunum 

1.93 

1.66 


1.36 

0.55 

159.0 

1.12 

1.02 


0.9S 

o.rs 

163.0 


Although the jejunum absorbs water freely and in large quantities 
from a 5 per cent solution, it takes relatively little from a 10 per cent 
solution. The ileum absorbs considerably less water than the colon from 
both 5 per cent and 10 per cent solutions of dextrose ; from the 10 per 
cent solution the ileum absorbs water scarcely at all. The colon absorbs 
less than half as much water as the jejunum from a 5 per cent solution 
of dextrose but more than four times as much from a 10 per cent 

solution. 

The quantities of dextrose absorbed by the mucosa per hour per 
hundred square centimeters of surface area are recorded in table 2 
The figures are uncorrected for the dextrolytic action of the intestinal 
contents. If they are corrected according to the percentages obtained in 
the preceding preliminary experiments (incubation experiments), the 

results indicated in table 3 are obtained, ^ ^ , , n 

It is evident from these computations that the jejunum absorbs vastly 
more dextrose from 5 and 10 per cent solutions than does the colon 
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nr the ileum - the jejunum, ho^vever, absorbs only insignificantly more 

sduto TI™ colon Ld ileum absorb dextrose from 5 and 10 per cent 
solutions but they absorb less from a 10 per cent solution than from 
n 5 per cent solution. The absorptive poivers of the colon and ileum 
tor dextrose are practically equal, though the figmes shon- tha the co on 
absorbs somewhat more than the ileum ; pretdous investigators had found 

that it absorbed less. _ j 

The peripheral blood sugar values are given in table 4. ^ 1 hey ten 
to fluctuate as a function of the amount of intestinal absorption. 

Table 3.— Figures in Table 2 Corrected for the DcxtroMc Action of the 
Intestinal Contents 


Solution ol Dextrose Segment ALsotWng 

Colon 

Ileum 

5^ 

Colon and ileum 

Colon, ilenm and jejunum 

t.ts 

t.ts 

l.CO 

0.55 

IfCo 

Colon and ileum 

Colon, ileum and jejunum 

O.BS 

0.S5 

0,98 

0.75 


T.able 4. — The Pcrii>hcral Blood Sugar Values During Active Absorption of 
Dextrose from Colon, Ileum oiirf /cfimuin 


Milligtams ot SueaT pei Hrmaied CoWc CeDtinietcrs— 
-tn Average ot 10 Otiservations 




Solution ol 


After 

-After 

After 

-After 

Dextrose 

Segment AhsoiBing 

1st Hour 

2d Hour 

Sd Hour 

4th Hour 

:ro 

Colon and Ileum 

14$.0 

151.7 

142.3 

121.2 


Colon, Ileum and jejunum... . 

1C3.0 

1S3.7 

100.3 

ISl.S 

vr^ 

Colon and ileum 

100.4 

164.5 

167.9 

1&7.9 


Colon, ilenm and jejunum... . 

lnG.E 

206.1 

2^.2 

262.3 


In all of the cases, at the end of one hour of intestinal absorption 
the peripheral blood sugar had increased significantl}L 

.\ consistently greater increase in peripheral blood sugar occurred 
"iien the colon, ileum and jejunum ivere absorbing than ivhen only the 
col.iu and ileum were absorbing, as would be expected from the previ- 
'lusly demonstrated relatively enormous absorptive poiver of the 

jeiuuum. This was true with respect to both 5 and 10 per cent 
'oUuions. 


lhat the intestmal absorption of dextrose and the increase in the 
penpiieral blood sugar do not vary in exact parallelism, however is 
'Uggesled by the fact that the blood sugar when computed for four hours 
< .H - not show consistent increments from hour to hour, but rather 

decreases. Conceivably in the ca^es 
• uch decrements occur intestinal absorption mav have been halted 
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the variations represent the interplay of other factors which would 
vitiate tlie general parallelism between absorption and the increase in 
tlic ])eni)hcral blood sugar. 

COHMEXT 

In I'iew of the relative facility with which the colon absorbs water 
and, according to these experimental findings at least, dextrose as well, 
tlie prejudice which many surgeons have come to have against procto- 
cl} sis as a clinical method is not altogether easy to understand. 

In the human adult the large intestine exclusive of the rectum and 
tlic <mal canal is from 13a to 140 cm. in length and presents an average 
diameter of about 5 cm. or more; accordingly, a conservative estimate 
of its mucosal surface area on tlie basis of these figures is 2,110 square 
centimeters. Assuming that the human colon absorbs at the same rate 
as that of the dog, it is capable, according to the present experimental 
findings, of absorbing about 240 cc. of water and 30 Gm. of dextrose 
])cr hour from a proctoclysis of 5 per cent dextrose solution. These 
figures arc conservative, and the}' do not include such absorption as 
might occur from tlie rectum, 

jMany persons, of course, are unsuccessful in the use of proctoclysis 
because in their adaptation of apparatus and solutions they disregard 
fundamental ph 3 ’siologic principles. If too large a retention enema is 
given it produces discomfort or actual pain and is likely to be expelled 
rather promptl}'. Similarly, when a “drip” proctoclysis is used if the 
receptacle used as a reservoir is placed more than about IS inches (about 
40 cm.) above the level of the anus and the solution is allowed to flow 
into the bowel more rapidl)' than it can be absorbed, an incompatible 
amount of pressure is likel}' to develop within the colon, and the medical 
attendant is likely to find a leakage of solution about the rectal tube into 
the bed. 

Probabl}' the most fruitful source of difficulty, however, arises from 
the use of h)'pertonic solutions; as these experiments indicate, such 
solutions are inimical rather than conduciA'e to absorption of water or 
dextrose. They undoubtedly tend by osmosis to withdraw fluid from 
the tissues ; not only does this produce an effect diametrically opposite 
to the one desired, but the tissue fluid augments the bulk of the solution 
in the bowel, and the mere bulk is apt to stimulate expulsive efforts. 


SUMMARY 

1. The opinion that dextrose is absorbed only slightly, if at all, by 
the colon does not seem to be well supported by experimental evidence. 

2. Much of the confusion in experimental results in the past has 
arisen from the fact that hypertonic solutions have been commonly used; 
the primary action of such solutions is probably an osmotic one according 
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to tvWclt tvatet is tvitMratvm trotn the intestine and progressively 
dilutes the solution. From a practical point oi view the outpouring oC 
water is apt to increase the bulk ol the solution to such an cateih ha 
the intestine is stimulated to expulsive movements. Such absorptioi 
dextrose as does occur before isotonicity is established, i.e., from a 
hypertonic solution, must occur selectively and against osmosis. 

3. Little dependence can be placed on experiments based on the 
assumption that the blood sugar level rises proportionately with the 
amount of intestinal absorption of dextrose. The parallelism mar or 
may not exist, according to circumstances. The blood sugar level should 
be considered as a variable which is in a continuous state of flux and 
which is determined by the interplay of many different factors. Two 
factors previously ignored, which under experimental conditions, at least, 
may exert a profound hyperglycemic influence have been examined, and 


it has been found that : 

(a) The general blood sugar level is elevated in more than three 
quarters of the cases by the administration of sodium barbital in doses 
sufficient to produce surgical anesthesia, 

(b) Surgical manipulations also heighten the general blood sugar 
level in more than three quarters of the cases. 

\''ariations of the local portal blood sugar, i. e., the blood sugar in 
the area draining loops of intestine which are actively absorbing dextrose 
solutions, are very likely of even less significance than the variations 
in the systemic blood sugar and this for a simple and obvious reason. 
Under the given conditions the coil of intestine absorbs dextrose and 
water, the de.xtrose being in solution in the water. If the local blood 
stream happens to absorb dextrose and water from the solution in a 
certain proportion each to each, i. e., in the proportion in which they 
exist in the blood at that point and if all other factors remain constant. 
U is obvious that no change occurs in the blood sugar concentration in 
spite of the absorption of the dextrose. On the other hand, at other 
differential absorption rates, the blood sugar might appear to decrease 
while actually increasing or might appear to increase while actually 
decreasing. depending entirely on whether the direction of the migration 
of the water is into or out of the intestine. 


.\cccptmg the apparently demonstrated fact that the colon absorbs 
water much more readily and rapidly than the ileum, the effect of this 
< dtercntial absorption would be to mask colonic absorption of dextrose 
and magnity the absorptive action of the ileum. 

_ U The respiratory quotient is an accepted measure of the utilization 
- dcxtro,<e. but no dependence can be placed on the respirator 
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cltisioiis based on variations of the respiratory quotient can be dismissed 
suniinarih' as valueless. 

5. Conclusions as to colonic absorption based on analyses of dextrose 
solutions (irst introduced into the intact intestinal canal through the 
rectum and then recovered by the same avenue are unreliable for two 
reasons: (a) Jt is probably impossible to control regurgitation of such 
solutions through the ileocecal valve and difficult absolutely to prevent 
regurgitation through the anus, thus preventing all loss not due to 
absorption, and {b) the factor of lysis by intestinal contents at body 
temperature is disregarded. 

6. Although previous experijnents using much the same technic as 
that used in the experiments herewith reported have seemed to show 
that the colon absorbs little dextrose in comparison with the ileum, I 
have been able to demonstrate, (a) by reducing trauma to an absolute 
minimum, {b) by using a relative!}'' long period of observation and 
(V) most imjwrtant of all, by comparing accurately measured equal 
areas of intestinal mucosa, that the colon absorbs dextrose as actively as 
the ileum and water in far larger amounts. 

7. The present series of experiments indicates that the use by rec- 
tum of a h\’pertonic solution of dextrose is highly undesirable. From 
a 10 per cent solution, actually less dextrose is absorbed by the lower 
part of the intestinal tract than from a 5 per cent (practically isotonic) 
solution, and the hypertonic solution interferes markedly with the 
absorption of water as well. 

S. Although, according to the present experiments, the lower portion 
of the intestinal tract under favorable conditions is capable of absorbing- 
considerable quantities of dextrose and water, and although proctoclysis 
can therefore be regarded as of definite clinical value, the amount of 
absorption of dextrose which occurs low in the intestinal tract is only 
a fraction of that which occurs in the jejunum. Rectal administration 
of dextrose is therefore only a relatively inefficient substitute for oral 
administration and should be adopted only when, for one reason or 
another, oral administration is contraindicated. 
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In presenting this subject we realize that we are adding to tie 
already voluminous writings on pseudopathology which have accumulated 
through the years, and we are fully aware of the futility of any presen- 
tation which is merely an addition to the store. Hotvever, if by the 
presentation of certain clinical observations rve can stimulate discussion 
and further active investigation in a field which despite the literature 
is still somewhat uncharted, a definite contribution rvill have been made. 

In the diagnosis of surgical conditions, acute or chronic, involving 
the viscera we are usually confronted with certain signs and symptoms 
which we consider characteristic. Pain, tenderness, nausea and vomit- 
ing, abdominal rigidity and distention comprise a chain which surgeons 
arc prone to interpret as signifying pathologic involvement of the viscera. 
'I'he fact that conditions remote from the apparent location of the dis- 
turbance — extravisceral conditions, let us say — ^may produce signs similar 
to those of pathologic involvement of the viscera is not always given 
due consideration. 

Our attention was recently drawn to this subject by one of our 
associates, X. T. Ussher, who for a number of years has studied the 
relationship between certain chronic visceral disturbances and spinal 
curvatures. In a recent article Ussher,^ following a careful search of 
the literature, made the interesting observation that the effect of certain 
''kcletal abnormalities on the viscera is not generally^ recognized. 

! rue. a number of writers, notably Dejerine,- Carnett,® Gunther and 


Rc.r(l bctorc the section ou general surgery at the Sixty-Second Annual 
Stolon ot the California Medical Association, Del I^lonte, Calif., April 24, 1933. 

1. Ussher, X. T. : Spinal Curvatures— Visceral Disturbances in Relation 
1 hereto. C.ahiornia vS: West. l\Ied. 38:423 (June) 1933. 

r r"' des affections du systeme nerveux, Paris, Masson 

Lu', IviH, p. 2^1/. 


Canuu. I. R.-. The Simulation of Gall-Bladder Disease by Intercosta 
■ r«rnlR,.i of the .Myicminal Wall, Ann. Surg. 86:747 (Nov.) 1927- Chroni 
^^<^«daavvcnd^cnvs Due to Intercostal Neuralgia, .\m. J. XL Sc. 174:579 (Nov. 
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Kerr,' Nielsen " and others," have repeatedly described syndromes due 
to pathologic changes in the nerve roots or trunks (at or near the spine), 
the chief symptoms of which have been pain and liyperestbesia of some 
area remote from the source. The cases reported have usually been 
classified as radiculitis, the radicular syndrome and intercostal neuralgia. 

On careful study of about fifty cases which appeared to be caused 
bj some dcuiugemcnt at or near the spine or involving the nerves of 
this region Usshcr noted that the disturbances were not the simple 
peripheral nerve conditions which had been previously described but 
that they showed symptoms distinctl}'’ visceral as well. Pie has sug- 
gested the term “visccrospinal syndrome" as describing their origin and 
its hearing on their symptomatology. 

In the past few 3'ears there have been considerable speculation and 
a large amount of investigative work on the relationship of the somatic 
to the visceral nervous system ' from the standpoint of referred pain, 
tenderness and muscular rigidity, and several interesting theories have 
been propounded. 

To go into all the details or to weigh the merits and demerits of 
the several theories at this time would avail us little since the various 
investigators ® in no wise agree as to the mechanism involved. That 
there is a definite relationship between the viscera and the corresponding 
segmental distribution of nerves is held by Pottenger® who stated: 
“The segmental relationship which exists between an efferent visceral 
neuron and an afferent somatic neuron probabl)' also exists between an 
afferent somatic and an efferent visceral neuron." He suggested that 


4. Gunther, Lewis, and Kerr, W. J. : The Radicuiar Syndrome in Hyper- 
trophic Osteo-Arthritis of tlie Spine : An Analysis of Thirty Cases, Arch. Int. 
Med. 43:212 (Feb.) 1929. 

5. Nielsen, J. M.: The Radicular Syndrome, J. A. M. A. 88:1623 (May 21) 
1927. 


6. Mayer, E. E. : Radiculitis ; Its Diagnosis and Interpretation, J. A. M. A, 
71:353 (Aug. 3) 1918. 

7 Morley, J.: Significance of Afferent Impulses from the Skin m the 
Mechanism of Abdominal Pain, Lancet 2:1240 (Dec. 14) 1929. Robertson, George: 
Disturbed Reflexes; Their Significance in Acute Abdominal Disease, Surg., 
Gynec. & Obst. 43:807 (Dec.) 1926. 

8. Weiss, S., and Davis, D.: The Significance of Afferent Impulses from 
the Skin in the Mechanism of Visceral Pain, Am, J. M. Sc. 176; ^ J 

Forbes, A.; Cannon, W. B.; O’Connor, J.; Hopkins, A. McH., and Miller, K H 
Muscular Rigidity With and Without Sympathetic Innervation, Arch. Surg. Id . JM 
(Sept.) 1926. Livingston, E. M.; The Skin Triangle of Appendicitis, Arch. 

Surg. 13:631 (Nov.) 1926. 

9. Pottenger, F. M. ; Important Reflex Relationships Between the Lungs a d 
Other Viscera, J. Thoracic Surg. 1:75 (Ocf.) 1931. 
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“there is a continuous flow of stimuli from the surface of 
inward to the viscera and from the viscera outward to the skelet 


Aliuming for the moment that this relation exists, is it unreasonable 
to suggest that apparent visceral symptoms may have as their origin 
stimuli due to pathologic changes somewhere in the surface or skeletal 
structures? Is it unreasonable further to assume that, given a strong 
enough stimulus from some more remote region, actual disturbance m 
the visceral physiology could be brought about? 

Let us consider for a moment an injurj" such as a strain of the 
muscles of the lumbar and dorsal region in which a few strands or fibers 
are torn. A traumatic myositis is set up with spasticit}" of the muscle. 
There may be little or no pain on ordinarj’ movement, for, as Hoover 
staled, unlike inflammation of other structures of the body, inflammation 
of a muscle is relatively painless on activation, providing the sheath or 


tendon is not involved. 

This spasm sets up a reflex spasm in the abdominal musculature 
whether for the purpose of splinting the weakened back as suggested by 
some writers or for some other reason. 

It is conceivable that irritation of the afferent neurons of this dam- 
aged muscle, depending on the location and extent of the damage, might 
be responsible for transmission of stimuli via one of the reflex path- 
ways to the viscera, and that symptoms of nausea and vomiting, pain 
and distention might appear. The chain of symptoms thus produced 
might so exactly simulate those of actual visceral disease as to make 
the diagnosis of the true condition extremely difficult. 

\Vc are sure that the first reaction to such a glib statement of what 
is necessarily a complex mechanism will be to demand a proof of rvhat is 
admittedly a rather amazing assumption. 

bnfortunately, when dealing rvith a subject in wlfich so little is 
known and so much is still speculation conclusive proof may be extremelv 
difficult. ^ 


.\t the present time the experimental evidence concerning sympa- 
thetic and parasympaffietic reflex mechanisms is somewhat confused 
and we hcheYc that in the light of present kmowledge an adequate 
explanation of the phenomena which we have obserr^ed clinically cannot 
l>e reconciled with existing theories. 

At the outset of this article we stated that we wished to present 
elnncal data based on observation in the hope of stimulating further 

dursSrme. ^ i»«strating 


of the ifusdes, in Tice, F.; 
. .iccrfiown, Md., W. F. Prior Co., Inc., 1920, p. 527. 
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1{EP0KT OK CASES 

»-A man, single, wliite, aged 39 years, was referred to our service 
null a tentative diagnosis of acute appendicitis. The patient stated that while 
pitclnng hay tlic day before the onset he felt a “catch” in his back which hurt 
Inni somewhat on lifting during the rest of the afternoon. The following morning 
at 5 a. m he awoke with severe craniplikc pain over the entire abdomen; the pain 
later localn^cd m bolli lower quadrants. On admission the duration of this pain 
was ten hours. 

Nausea and vomiting came on about one hour after the onset and persisted 
uitcrnuttcntly up to tile time of admission. There was no bowel movement until 
late m the afternoon when a small amount was passed. The pain was increasingly 
severe on moving about. 


/•.niiiinimfoii.— The examination revealed a well developed white man lying 
with knees drawn up, apparently in considerable pain. The head, neck and chest 
were normal. The temperature was 98 F., the pulse rate, 60; the respiratory 
rate, 20. 

Abdomen : 1 here was marked boardlikc rigidih' of the lower part of the 

abdomen. The right lower quadrant was tender on pressure. The kidneys were not 
palpable. 

I he lumbar and dorsal muscles were spastic and extremely tender on pressure. 

Laboratory Examiaation . — The white cell count was 9,000 with 80 per cent 
polymorphonuclear leukocytes. The urine was normal; the Wassermann and 
Kahn reactions were negative. 


Trcaliiiciit . — Heat was applied to the dorsolumbar region and heavy strapping 
for support. 


Progress. — I'he pain in the abdomen subsided rapidly; there was no further 
nausea or vomiting, and rigidity disappeared within twelve hours. The pain 
shifted to the thigh and down to the knees. The patient rapidly improved and 
left the hospital in a few cla 3 'S with no other complaint than that of slight ten- 
derness in the back. 

Case 2. — W. C. F., a married man, aged 39, a plumber, had been perfectly 
well until the day before entrance when on lifting a heavy laundry tray he 
experienced a sharp pain in the lower part of the abdomen. The pain seemed 
to encircle the lower part of the abdomen and the back. Occasionally it was more 
severe in the right flank and radiated down the inner side of the right thigh. 
The pain in the lower part of the abdomen was continuous. He was seen in 
our office by the orthopedist who made a diagnosis of traumatic lumbar myositis. 
The patient received heat and massage to the dorsolumbar region. He stated 
that the muscles of his back were “tied in a knot.” The pain became worse on 
walking home. During the day and night there were many attacks of colicky 
pain localized in the right flank, and that evening the patient was nauseated 
and vomited two or three times. These attacks were accompanied by writhing 
on the bed, profuse perspiration and almost uncontrollable pain. There was no 
urgenc 3 '^, frequency or other urinar 3 ' symptoms. 

Examination.— An examination made at 4 a. m. gave negative results except for 
the back and abdomen. 

Back: The back presented bilateral muscular spasm, in which the lumuar 
muscles were extreme^' hard, tense, tender and painful. 

Abdomen : The abdomen showed absolute boardlike rigidity, increased tender- 
ness in the right flank, colicky spasms of pain localized on the right side m 
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Laboratory Examiuation.-TU Brine xvas normal except for occasional red 


thigh. There were no 
was tympanitic throughout. 

•V Examination— j-iK ui.i.x. - nt 

r r :rce^ rt 

"ccnrpoVmorphonuclears. A later count showed 10.900 white cells with 80 per cent 

xTe'foentgenoiaphic study revealed no shadow in the region of the kidneys 
or ureters. Careful straining of the urine disclosed no calculi. 

Progress— Mttr a discussion of the probable diagnosis a seven strap support 
was applied to the dorsolumbar and lumbar regions, a small dose of morphine 
administered, and the patient pul in a semi-Fowler position with the knee= 
elevated to rcla.v the lumbar muscles. ^Yhen he awoke from the narcosis the 
colickv pain was entirely relieved, and the pain in the back was diminished. He 
was discharged from the hospital on the second day and alter adequate physical 
therapy made a complete recovery. At the time of writing, one year after the 
attack, there had been no recurrence. 

C.\SE 3. — -A. white man, married, aged 48, was brought into the office com- 
plaining of severe cramplike pain in the lower part of the abdomen, nausea, 
vomiting and loss of appetite. He stated that the first attack came on two weeks 
previously and that be was awakened out of sleep. He had been moving some 
heavy farm machinery the day before and had strained his back. He stated 
that lie vomited once on the day of the onset and that the abdominal pain was so 
severe that he was forced to remain in bed several days. Subsequently he improved 
soniewliat and was able to be up and about, but on the day before admission 
while he was at work the pain and nausea returned. He had a poor appetite 
during the entire two weeks, and the bowels were sluggish. 

hxainiimtion. — The examination revealed a small moderately well developed 
white man. The head, neck and chest were normal. The temperature was 98.6 F., 
the pulse rate, 70; die respiratory rate, 18. The abdomen was markedly rigid in 
bodi lower quadrants and moderately rigid in the upper part. There was tender- 
ness in the right lower quadrant. Marked spasm and tenderness on pressure 
were noted over the right lumbar and right lower dorsal region. The patient 
C'uild not stand up straight. 

Laboratory E.ramniatioii — The white cel! count was 6,000 with 65 per cent 
Itolymorphoiiudcars. The urine was normal, and the Wassermann and Kahn 
reactions were negative. 

7 rcatinent. .\pplication of heat to the dorsolumbar region and a tight back 
‘traigimg were followed by relief from the abdominal pain in one hour. Further 
ircatiuent iiith heat .and massage was followed by complete recoverv. 

t isi: A.— A white truck driver, married, aged 26, was referred to our service 
comphining of intermittent pain in the left flank radiating to the back and lower 
tswt oi the abdomen. The patient stated that the pain was alwavs worse after 
he i\.-.lk«l ..r rode in .a truck. Usually he felt well on rising, but after he got 
11 ' nt the p,ain c.ainc on increasingly as the day wore on. Xausea occurred 
nemiemly during attacks of pain. He had lost 20 pounds (9.1 Kg.). The duration 
n. the conditinn was two and one-half years in which he had made the rounds 
I nnti cuhistf with no relief. 
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tenderness Iiigli in the left lumbar 
t. .iiul in the lower left c|uadrant of the abdomen on deep pressure. The 
abdominal muscles were slightly rigid. The left kidney was not palpable A 
cysto.scopic c.Nnmmation showed that the mucosa of the bladder was normal. The 
left ureter was catheterized with dilTictilty using a number 4 (French) catheter 
I lie urine gave negative results culturally. No evidence of tuberculosis was seen, 
and inoculation of guinea-pip gave negative results. Pyelograms showed the 
Icidiiey to be in normal position; no abnormality was seen. Filling of the renal 
pelvi.s reproduced the pain (voluntary statement) but more severe than ordinarily. 
A diagnosis of stricture of the ureter was made. 

yVccr/mrii/.— Dilation of the left ureter at first gave relief for a day or so; 
later these treatments were of no benefit even after dilation with a number 12 
catheter. On rcchcck examination a number 5 catheter was passed and ascended 
w ith resistance. Attempts to withdraw it revealed that it was in the grip of a 
spastic ureter. 

1 he patient was referred to the orthopedic department for a check up. Exam- 
ination showed a spastic left dorsolumbar region with tenderness of the muscles 
on pressure and a short left leg. There was a moderate scoliosis. The heel was 
raised one-fourth inch (0.64 cm.), and muscle training was given. The pain left 
within a few hours, and within two weeks the patient could walk several miles 
without discomfort. The appetite returned and the patient regained S pounds 
(2.3 Kg.) in the first month. Two and one-half months later he was working and 
free from pain. The only recurrence he has had took place one day when he wore 
his old work shoes on which there was no heel correction. 


Case S. — A white man, aged 31, was seen at the office complaining of attacks 
of pain radiating along the third and fourth ribs on the right side, discomfort on 
motoring due to a tired back, vague abdominal distress, vomiting and gas in the 
intestines near the stomach. These attacks had occurred intermittently for ten 
years. Roentgenograms of the gastro-intestinal tract were negative. An appen- 
dectomy in wdiich an essentially normal appendix was removed because of pain and 
h 3 ’peresthesia in the lower right quadrant gave no relief. Two years later symp- 
toms of mild ureteral colic developed on the right side. These persisted from two 
to three weeks. A cystoscopic examination gave negative results except for a 
slight angulation of the right ureter slightly below the right kidney. The patient 
had come to Santa Barbara for his health three or four years before. 

On examination by our orthopedist he was found to have a dorsal scoliosis 
and a short right leg. The right heel was raised one-fourth inch and muscle 
training was given, which relieved the abdominal symptoms in tivo weeks; all 
distress ceased in a month. One year later there was a mild recurrence, but ffie 
raising of the heel an additional one-fourth inch and more vigorous muscle training 
cleared up the symptoms satisfactorily. Recently when playing golf, wearing a 
new pair of shoes without the raised heel, the patient had a recurrence of the 
abdominal symptoms, which responded immediately to the correction. 


COMMENT 

The cases here presented are a ’few of the typical ones in the senes 
studied; we believe that they illustrate definite visceral disturbances 
resulting from stimuli arising outside of the viscera themselves. 

It is our belief that the mechanism of production of these symptoms 
is essentially the same whether they follow direct trauma due to sudden 
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straining ot tbe back or result from the chrome strain due to scolioses 
or other spinal cur^'atures. Hoover, in his discussion of ' 

stated that ordinary stretching of a muscle is not necessarily products e 
of local pain but that continuation of the stretching produces an area 
painful and tender to pressure— a definite myositis. ^Ve stress the 
dorsal and lumbar myositis because this appears to be the common 
factor in our series, and rvhile the fact may be merely coincidental, 
following therapy directed at correction of the myositis the symptoms 


ill every case cleared up. 

We believe that this group of cases does not fall into the group 
classified as intercostal neuralgias as they are at present understood, 
since according to Garnett and others who have written extensi\ el} on 
pseudo-appendicitis and pseudo-disease of the gallbladder intercostal 
neuralgias should be ruled out when rigidity of the abdomen and actual 
visceral disturbances are noted. 

We believe that we have been able to rule out the psychalgias in 
the cases studied. This seems particularly true in the last two cases 
reported. 

We are not prepared at this time to say that these symptoms may 
be explained on the basis of a radiculitis. The early, at times almost 
spectacular, relief that follows physical therapeutic measures seems to 
s\Tcak against pathologic changes in the nerve roots as a cavtsative factor. 
Further, if the myositis which was invariably present is a responsible 
factor, it directs atteirtion toward the endings rather than toward the 
roots or trunks of the nerves. 


We do not wish to have it understood that we regard conditions in 
the hack as ii^ any way productive of pathologic changes of the viscera, 
i)ut basing our assumption on our observations we feel safe in con- 
cluding that there is most certainly a disturbance of the physiologic 
processes. Xcither do we suggest that surgical intervention be always 
withheld iit questionable cases pending orthopedic checking and physical 
therapy, as we all know that the delay may be disastrous when actual 
pathologic changes are present and present an atypical symptomatolog}-. 
W e arc taught by various writers on abdominal diagnosis that pain 
lasting over a period of six hours together with nausea and vomiting 
and a rigid tender abdomen usually denotes pathologic changes in the 
viscera. It is not the purpose of this article to deny the truth of that 
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(licluin i)vU ratiKT lo ctjrrccl a more or less rule of lhum(3 that "usually” 
means "always.'' 

l-'inally lo those who, like ourselves, after carefully evaluating a 
chain of .symptoms, have opened an abdomen and removed an imoffend- 
ing a]ipen(lix, ])er formed a fixation on an innocent if malposed kidney, 
re|ieatedly dilated an ai)|)arenlly sfriclurcd ureter or explored and found 
a normal gallbladder we wish to offer what appears to us a plausible 
reason for the .symptoms in a few of these cases. 


.Santa Barliara Clinic. 



OBSTRUCTION OF THE 


SUPERIOR VENA CAVA 


an experuiental study 


HERBERT A. CARLSON, IvLD. 

ST. LOUIS 


The clinical features of obstruction of the superior vena cava have 
been discussed by Ehrlich, Ballon and Graham.^ As a levieu of the 

literature revealed no ref erences to experimental studies of this ‘^^nditmii 

in laboratory animals, a series of experiments were undertaken in uh c 
the superior vena cava was obstructed above, below or including le 
azygos vein. The object of the experiments was, primarily, to deter- 
mine the tolerance of animals to occlusion of the superior vena cava, to 
measure the effects on venous pressures and to trace the paths of col- 
lateral circulation. Additional observations were made to determine 
the immediate effects of obstruction of the superior vena cava on the 
arterial blood pressure. 


EXPERIMEXTAL METHOD 


Dogs were anesthetized with ether, positive pressure with the intratracheal 
technic being employed. An intercostal incision was made aseptically on the right 
side of the chest, usually through the fourth intercostal space. The superior vena 
cava (the azygos vein in some instances) was approached transpleurally and 
exposed by blunt dissection. When the vessel had been cleansed for a distance 
oi about 2 cm,, it was doubly ligated at two points and divided between ligatures. 
The wound was closed by encircling interrupted heavy silk sutures about the two 
ribs adjacent to the wound. The lungs were inflated as these sutures were tied. 
The overlying muscles and the skin were then closed in layers. 

Obslniclion Above the Juiicfioii with the Asygos Vein. — ^This was accomplished 
in the manner just described in seven dogs. 

Ohslriicfion Bcloiu the Jimciion wUh the Asygos Vein. — ^In two dogs an 
attempt was made to occlude the superior vena cava below the point of junction 
with the azygos vein. As both of these dogs died within a few minutes, no further 
attempts were made to produce obstructions at this point. 

Obslnu-tiou Including the Acygos Fein. — A two stage obstruction of the 
sispcrior vena cava and the azygos vein was successfully accomplished in two of 
three experiments. In the first of these the azygos vein was obstructed in a 
preliminary operation. Seven weeks later a second stage operation was performed 
at whiclt time the superior vena cava itself was obstructed. This dog died within 
• ■no hrinr. In the two dogs surviving the immediate effects of total obstruction 
m the superior vena cava produced in two stages, the superior vena cava was first 
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Erom thc_ Medical and Surgical Chest Service of Barnes Hospital and the 
>artment ot Surgery of M ashington Universitv School of Medicine 
1 l-.hrhcb, William; Ballon. H. C, and Graham, E. A.: Superior Vena Caval 
-«n,ct,on. wuh Consideration of Possible Relief of Symptoms by AfediaSna 
1. Thomcic Surg. 3:352 (April) 1934. -lediasttnal 
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obstn.ctfcl above tlie level of the nzygos vein. The second stage procedure con- 
.slmg of (be obs.ruet.ou of (be n.ygos vein, was performed twenty-three w I 
later m one dog and twc.Uy-eight weeks later in the other 


KX PKKI .M KXTAL KKSULTS 

General Ohcr^vU^ous.~hm^^cdiiitdy after the superior vena cava 
was oh.mnicted aljot'c the mygos vein, the dogs showed marked cyanosis 
of the toiitfiie and the oral mucosa and injection of the conjunctivae. 
J licy recovered from the anesthetic slowly, and some of them were 
stujtoioiis for many hours, ihc respirations were slotv and deep. 

Six of set en dogs with occlusion above the junction of the azygos 
vein recovered from the intmediate effects rather rapidly, so that within 
twenty-four hours the cyanosis liad practically disappeared. They con- 
tinued to appear listless for several days, refusing food and losing 
weight. Dilated veins appeared over the thorax and the upper part of 
the abdomen, and hematomas usually formed in the thoracic wounds. 
Within a week or ten da 3 'S the dogs’ appetites improved, and eventually 
three of the seven became active, well nourished, normal appearing dogs. 

Two of the dogs died of empyema (within thirteen or fourteen 
days), and one of a wound infection and extensive thrombophlebitis 
(on the twelfth day). The onl}'' dog that failed to survive the imme- 
diate effects of the obstruction Jived only two days, and there were no 
postmortem observations to explain its deatln 

Of the three dogs that regained their health, one was killed for 
further study after thirty days, and the other two were subsequently 
subjected to obstruction of the azygos vein. 

In the two dogs in which obstruction below the point of junction of 
the azygos vein had been performed, a slow, deep respiration, followed 
by gasping breathing, developed. The upper part of the body was 
deeply c 3 'anotic. Death was apparently due to respiratory failure. 

The dog that had been subjected to obstruction of the superior vena 
cava after a preliminary obstruction of the az 3 ^gos vein also died with 
deep cyanosis and failure of respiration. Cyanosis did not develop 
following obstruction of the azygos vein, even in the animals previously 
subjected to occlusion of the superior vena cava. 

A serosanguineous pleural effusion developed in the first dog which 
survived the immediate effects of a total occlusion produced in two 
stages The fluid was aspirated on three occasions, from 190 to 500 cc. 
being removed. The dog eventually died of bilateral empyema twenty- 
one days after the second stage procedure. The second dog, m whic: 
total obstruction was eventually performed, became well and active. 

He was finally killed for study at the end of thirty-six days. 

Development of Pleural Effusions.—Except in tivo dogs that died 
of empyema, pleural effusions did not develop in the dogs in wined 



CARLSON— OBSTRUCTION OF SUPERIOR VENA CAVA 6/1 

obstruction above the azygos vein had been earned out. In the only 
dog that was subjected to preliminary obstruction of the azygos vein a 
sanguineous effusion developed, from which he recovered within two 
weeks. At the time of the second operation for obstruction of the 
superior vena cava itself (seven weeks after the obstruction of the azygos 
vein) the fluid had been completely absorbed. 

Bilateral pleural effusions developed in the two dogs with obstruction 
of the az3'gos vein and of the superior vena cava. In the case of the 
first dog the effusion became infected, and the dog died of bilateral 
empyema. The second dog regained good health, but when he was 
killed at the end of thirty-six days, postmortem examination revealed 
the presence of 200 cc. of clear brownish fluid in the right pleural 
cavity and 100 cc. in the left. The pleural fluid cannot be said to be 
due entirety to the venous obstruction, because the trauma incident to 
the opening of the pleura and the formation of a raw surface at the 
site of the ligation of the vein undoubtedly- contributed. However, it is 
clear that pleural fluid is not absorbed as readily when both the superior 
vena cava and azygos vein are obstructed as when the azygos vein alone 
is obstructed or when the site of the occlusion of the superior vena 
ca\-a is abor’e the level of the azygos vein. 

Effect on Venous Pressures . — Venous pressure readings were 
obtained by inserting a needle into the external jugular vein and 
measuring the height of the column of blood in an attached A'ertical 
4 mm. glass tube. The vein was first exposed by cutaneous incision 
and blunt dissection. The pressure before operation varied between 
4 and 13 cm. of blood. The high pressures sometimes noted were 
probably caused by the struggling of the animals, although they were 
under ether anesthesia when the pressure readings were taken. Y enous 
pressure readings taken on four dogs immediately after obstruction of 
the superior vena cava (above the azy'gos vein) were found to average 
100 per cent higher than the preoperative readings. Three readings 
taken during the first nine days rvere found to be 65 per cent higher 
than the original readings, but three readings taken from fourteen to 
tuenty-nine days after the operation showed no significant average 
mcrease above the preoperative A’enous pressures. 

The venous pressure after obstruction of the superior vena cava and 
t ie azygos \ein was obtained for two dogs. The original reading in the 
'r^t animal was 6 cm. The pressure immediately after the first stage 
procedure was IS cm.; fifteen days later, 11 cm., and seven days after 
I le second stage procedure, 16 cm. (an increase of 167 per cent). No 
prehmmary reading was taken on the second dog. However, thirty-six 
' ays after the second stage operation (obstruction of the azygos vein) 
pressure m the femoral vein (5 cm.) was compared with that in the 
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jugular von (]0 cm.). 'J'lic prcs.sure in the obstructed venous circu- 
lalion t\-as therefore JOO per cent higher than that in the nonobstructed 
vein, but even this pressure was witiu'n the limits of normal observed in 
some of the other animals. 

Ihe findings suggest tiiat in obstruction above the azygos vein the 
venous pressure is definitely increased, but that as a result of collateral 
circulation it may eventually become normal. In the case of total 
obstruction the venous blood pressure was definitely elevated for at least 
thii l\ -six days, but the collateral circulation was sufficiently competent 
to pel mil the i cturn to a level which docs not exceed the upper range of 
venous pressures for normal dogs. 

PATJIS 01' COLL.-\TERAL CIRCULATION 

1 he jiaths of collateral circulation represent one continuous anasto- 
mosing system which, however, may be arbitraril}'^ divided into several 
diherent groups. A distinction between superficial and deep collateral 
veins is of importance because the superficial collateral veins are of 
greater clinical interest. 

OBSTRUCTION’ ABOVE THE AZVGOS VEIN 

Superficial Veins. — Tributaries of the axillary vein, chiefly the 
thoraco-epigastric vein, join a iilexus of superficial veins over the thorax 
and abdomen. Superficial veins of the neck anastomose with those of 
the thorax, but these collateral veins are not prominent in the dog. The 
return flow of blood from the superficial veins occurs largely through 
the intercostal veins. Communications with the superficial epigastric 
and superior and inferior epigastric A'eins permit a return of blood 
through the femoral and external iliac A’^eins, but the path through the 
external iliac veins is not Avell deA^eloped Avhen the obstruction is above 
the leA’el of the az3^gos vein. 

Deep Veins . — (a) The internal mammary vein, a tributary of the 
innominate vein, is an important vessel in the collateral circulation 
(fig. 1). Anastomoses Ardth the intercostal, anterior mediastinal and 
superior epigastric veins permit the return flow of blood to the heart. 

(b) The veins of the mediastinum form a prominent plexus com- 
posed of the anterior mediastinal veins, a group of posterior mediastinal 
veins and the pericardiac veins. Below they enter the superior phrenic 
A’^eins, tributaries of the inferior vena cava. 

(c) A group of veins along the vertebral column, especially the 
internal vertebral plexus, communicate, aboA’e, chiefly with the dural 
sinuses and the A'^ertebral A’^eins and, below, AAdth the interi’^ei tebral an 
intercostal veins. 
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There is a plexus of deep veins of the back formed chieRy by 
posterior rami of the intercostal veins. Descending branches ol the 
I^rmrrse cervical and transverse scapular veins also appear to enter into 
the formation of this deep dorsal group. 

(e) The lumbar, abdominal and suprarenal veins commumcatmg 
with the superhcial and deep veins of the back and with the abdominal 
wall empty into the inferior vena cava. The lumbar veins also join the 
azygos system through the ascending lumbar veins. 



Fig. 1. — Injection ot barium into the venous system to show collateral dreu- 
latiou alter obstruction ot the superior vena cava above the level of the azygos 
vein. 


(/) The Miiierior intercostal veins, other intercostal veins, and the 
accessory hemiazygos, hemiazygos and azygos veins form an important 
cliaiiiiel of collateral circulation. 

In this t\pe ot obstruction (the superior vena cava being obstructed 
alxjve the level of the azygos vein) the azygos vein with its tributaries 
becomes markedly distended and is the principal venous trunk through 
which blfjod returns to the heart from the upper part of the body. 


O-I.I.VTIK.M. CIUCUL.VTION AFTER OBSTRUCTIOA' OF THE SUPERIOR 
VENA C.VVA, INCLUDIXG THE AZYGOS VEIX 

-Narrrtaai/ Triiar.-The superficial veins are prominent over the 
v.uM an<l alHiomen. beginning in the a.xilla chiefly with the thoraco 
Venn and terminating below in the superficial epigastric tribu 
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^■"“tomose freely 

With the deeper veins (fig. 2 ). 

/Jcr/. The inlcrnal mammary and the superior and 

nfenor ep.gastr.c vems form a path from the innominate vein above 
to the external iliac vein below (fig. 3). 

voS\nl and posterior mediastinal 
^cn s foiin a well developed plexus of collateral veins traversing the 
inediaslinal space. ^ 

(c) 3'he vcrteliral venous plexuses are extensively developed, par- 
ticularly the internal vertebral plexus, which may be traced clearly 



Fig, 2 (dog A-15 ). — A dissection of the superficial venous system after obstruc- 
tion of the superior vena cava, including the az 3 ’gos vein. 


from the cendcal to the lumbar region. The intervertebral, intercostal 
and lumbar veins anastomose with these plexuses. 

((/) The deep collateral veins of the back are present, but are not 
prominent. They may be traced down to the lumbar region. 

(e) The suprarenal, lumbar and abdominal veins of the dog com- 
municate with the deep and superficial veins of the lumbar region and 
enter the inferior vena cava. 

(/) The az3^gos sj^stem, being obstructed, is diminished in size, and 
the flow of blood through it is apparently reversed. 

The differences between the paths of collateral circulation in the 
two t}^pes of obstruction may be summarized briefly. In the first type 
the azygos vein and its tributaries form the chief venous trunk for the 
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return florv ot blood from the upper part of the bod) to the hear ^ 
The lower abdominal collateral veins are relatively umm^rtant In the 
second type of obstruction the superficial and deep abdominal vessels 
and the vertebral plexuses are of much greater importance. As the 
azygos vein is blocked, all of the blood returns to the heart through 

the inferior vena cava. 

In experimental studies of human cadavers, W'agner- found that 
the renal and the internal spermatic veins were important paths of col- 
lateral circulation, but they did not appear to be well developed in the 


experiments on dogs reported here. 

Wagner also found that the superficial dorsal thoracic veins were 
more prominent when the obstruction was below than u hen it u as 



lig. 3. — Injection of barium into the venous system to show collateral circu- 
lation after obstruction of the superior vena cava, including the azygos vein. The 
portal vein was apparently filled by back pressure. It did not prove to be a path 
01 collateral circulation. 


above the point of junction with the azygos vein. Dorsal superficial 
collateral veins ^Ye^e not well developed in the dog in either typ^ of 
obstruction. No striking differences could be observed in the two 
types studied. 


THE EFFECT OX .A.RTERI.-tL BLOOD PRESSURES 

Carotid blood pressure tracings were taken on three dogs, the 
superior vena cava and the azygos vein being obstructed simultaneously 
ihroiigb an open pneumothorax. In these experiments respiration was 
maintamed by means of rhythmically interrupted positive pressure. 


v""’ r’’’ Stenosis whb Occlusion of Lumen of 
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i ucc c'Xjjonnicnls of l]».s type sljou'cd that sudden total obstruction 
of the supenor vena cava results in a drop of the arterial blood 
picssiue to shock levels (fig. 4). Following the release of the obstruc- 
tion a plethoric elfecl was noted, the blood pressure rising to a level 
iuglier than that preceding the obstruction, after which the blood 
Iiressure ei-enfualli- became level again. The effect of prolonged 
olistruction was also noted (fig. 4). A sudden drop in arterial 
pressure occurred immediately after the superior vena cava was 
obstructed. From that time on there was a progressive drop in the 
pressure which, however, occurred slowl}'. The respirations became 
slow; after thirty minutes they were succeeded by gasping efforts. 
l'in<ill_\ all of the rcsfiirator}'' movements ceased, and respiration was 
cntiiely artificial, he heart action continued more than thirty minutes 
after the cessation of respiratory movements. 

Carotid Blood Pressure 



Fig. 4. — The effect of sudden, complete obstruction of the superior vena cava 
and azygos vein on tlie arterial blood pressure. 


These changes in arterial blood pressure are probably not of much 
clinical significance, because the occlusion of the vessel usually occurs 
slowly in clinical cases. However, the rapid death of animals subjected 
to sudden total obstruction of the superior \-ena cava is apparently a 
result of the disturbed circulation of the respiratory center and other 
vital centers. This disturbed circulation consists of a fall in arterial 
blood pressure and a rise in venous pressure due to venous stasis. 
Changes in the oxygen and carbon dioxide tension of the blood were 
not investigated. 

SUMMARY 

Obstruction of the superior vena cava was produced above and 
below the azygos vein in such a way as to include the azygos vein. 
Dogs tolerate obstruction above the level of the azygos vein but not 
obstruction below the azygos vein when it is produced in one stage. 
Obstruction of the superior vena cava and the azygos vein may be 
produced successfully in two stages. 
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iSIarked cyanosis of the upper part of the body results from 
obstruction of the superior A-ena cava, but as collateral circulation 
develops, the cyanosis disappears. The collateral circulation eventually 
compensates for the obstruction, so that the animals appear health}-, 
and the venous pressures of the obstructed area become normal or are 
only slightly elevated. The paths of collateral circulation have been 
described. 

The arterial blood pressure immediately after obstruction of the 
superior vena cava (including the azygos vein) drops to a shock level. 
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KIDNEY 

Stone . — Gayet ^ pointed out tlie difficulty encountered when Jithiasis 
occurs in a solitaiy, infected kidney or bilaterally in kidneys with the 
renal parenchyma in an advanced stage of destruction. He reported 
2 cases of this type in which minor operative procedures, such as incision 
of the renal parenchyma witli insertion of an individual indwelling 
catheter and the opening of a perinephric abscess, had kept the patients 
from succumbing to the disease and had relieved them at least tempo- 
rarily. In 1 case the right kidney was practically functionless whereas 
the left kidney contained a large stone. In the other case, the stone was 
in a horseshoe kidney; the urine was purulent, and there was a 
perinephric abscess communicating with the pelvis. 

Most of the patients with these conditions are uremic and cannot 
endure a long operation under general anesthesia. The period of opera- 
tion must be brief, and as a rule exteriorization of the kidney must be 
avoided as the organ may be acutely infected and may at times lie 
in the midst of a perinephric abscess. Fever and tension should first be 
reduced by nephrostomy ; later, the calculi should be removed, so far as 
possible, through the opening made at nephrostomy by means of a finger, 
a blunt curet or fenestrated forceps. Only minor operative procedures 
may be performed in cases in which the kidneys are badly infected. 
Treatment should consist of such minor operative procedures repeated 

1. Gayet, G. : Nephrolithotomies en plusieurs temps dans les cas graves de 
lithiase renale. Bull. Soc. franc, d’urol., Jan. 15, 1934 , p. 35. 
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» necessai).; th« procedures should be meticulously prepared lor ami 

iolloNved by close surveillance afterward. . 

Nash== studied calculous pyonephrosis with a view toward clearing 
up some of the problems presented by this disease, especially toward 
bringing out die value of transperitoneal nephrectomy, devised recen } 
to obviate the difficulties involved in secondary lumbar nephrectomy 
which is always required sooner or later after nephrotomy has^ leen 
performed as a palliative measure. If a surgeon makes the mistake 
of performing a nephrectomy in one stage when the patient is run down, 
he is likely to lose that patient. Even in operations performed m two 
stages by the lumbar route there is still the danger of operating on a 
patient who is in poor condition and who has a kidney dense!} adherent 
to surrounding structures, nephrotomy not only having failed to elimin- 
ate the old adhesions but having also complicated the picture by removing 
the normal landmarks and creating new ones of scar tissue. Bleeding 
also complicates the situation and brings additional dangers. 

Transperitoneal nephrectomy obviates these difficulties because the 
approach is through a fresh field. The abdomen is opened by a pararectal 
incision. The ureter, which is readily identified, is easily followed up 
to the pedicle, and the renal vessels can be ligated before any attempt is 
made to enucleate the kidney proper. Any adhesions present may be 
separated under vision rvithout the disturbing element of uncontrollable 
bleeding. 

In most cases of calculous pyonephrosis the patients are young 
women who have married at an early age and have gone through many 
and frequent pregnancies. It is suggested tirat urinary diathesis may 
predispose these women to an infection and to the formation of stone 
in the kidneys analogous to those in women wdth biliar}' diathesis in 
whom disease of the gallbladder originates at the time of their first 
pregnancy. 

lCoMPii.ERs’ Kote. — Although transperitoneal nephrectomy is best 
indicated for renal neoplasms, it should not be used systematically instead 

t\pical lumbar nephrectomy because in most instances of calculous 
pvonephrosis in which the kidney has become greatly enlarged besides 
le Slock of the operation there is the possibility that peritonitis may 
'c\cop, and this, of course should always be avoided. 

mitierrez has stressed the value of lumbar nephrectomy in trvo 
• •Scs. {ollow'ing preliminar}' drainage by nephrostomy, for hieblv 

im"l’ rclunr It? ‘T "'Ptemorny may have 

'hack oi ' ' *■ improve when the 

operafon .s thus divided, since they are able to build up 

Am. J. Smyetato ,TpTi 93? »' ^ix 
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Ixniily rcsKslance and to gain in renal function, resulting in cardiac 
conii)cnsation and in general detoxication. By this two step procedure 
a greater measure of safety is assured both to the patient and to the 
sm-geon, and it is likewise obvious that it has served to reduce the 
mortality appreciably, ])articularly in cases of pyonephrosis in which 
tlie kidney has hecoine considerably enlarged and in which nephrectomy 
by the Itinihar route carried out cxtraperitoneally is correctly indicated.] 
Quinhy ^ stated that in the five years preceding 1931, 240 patients 
\vilh renal or ureteral calculus were admitted to the Peter Bent Brigham 
Ifospital. This period marks the beginning of his endeavor to adopt 
a consistent policy toward urinary stone, wliicli was as follows; (1) 
to conserve renal tissue whenever possible b}’’ emplojn’ng nephrectomy 
only when renal injur 3 ’ was great; (2) to consider the operation that 
removes a stone onlj- the first event in the medical care of the patient, 
and to insist that whenever possible each patient return at suitable 
intervals for antiseptic treatment of the bladder and kidneys; (3) in 
cases in which operation is needed to persist until the roentgenogram 
taken at the operating table reveals that all the stones have been removed. 

Of the 240 patients, 76 hospital patients and 45 private patients 
were available for the present analy'^sis. A roentgenogram was taken of 
all the hospital patients when they returned ; they received a general 
physical examination, and the urine was analyzed and cultured. Letters 
from the private patients or from their ph 3 "sicians were at times accepted 
instead of personal interviews. 

One hundred and twent 3 ’’-one patients were considered. One patient 
died at operation. Three other patients were not relieved and died later, 
giving a total mortalit 3 ’^ rate of 3.3 per cent. In 64 cases the stone or 
stones were situated in the kidne 3 ^ and in 3 cases the stones were in 
both the ureter and the kidne 3 \ There were 6 cases of bilateral stones 
and 2 cases of unilateral stone. On the follow-up records of patients 
with renal stone, Quinby found that the stones had recurred in 21 cases 
(in 5 of the cases in which the stone was bilateral all the stones had 
not been removed at operation). Therefore, in 24, or 19.8 per cent 
of 121 cases, stones Avere still present. Further analysis has revealed 
that in nearly all the cases failure to relieve these patients permanently 
has been due to persistence of the original infection. It is clear, there- 
fore, that, after a certain degree of renal injury has taken place, one is 
well-nigh powerless to conquer the coincident infection, even though 
persistent effort is made after the stone has been removed. Nephrectomy 
Avas performed in 24 cases as compared with 45 cases in Avhich the 
calculus Avas removed by pyelotomy or by pyelonephrectomy. Although 

3. Quinby, W. C. : End-Results of Operations for Lithiasis, Tr. Am. A. 
Genito-Urin, Surgeons 26:285, 1933. 



SCHOLL ET AL.-REVIEW OF UROLOGIC SURGERY 


681 


the maioritv of the patients Avho underwent nephrectomy were cured, 
the subsequ'ent formation of multiple stones m the remaining k.dnej 
3 patients led to further operation and eventually to the dea r . 

Quinby stated that from all this study it appears that ureteral stones 
are Ukelv to be associated with less infection and less ^jury to the 
kidnev than stones which do not enter the ureter. This is doub less 
largely due to the fact that urgent S 5 Tnptoms are caused by these 
relatively small stones at a much earlier date. Patients wuth renal calculi 
should be subjected to operation for the removal of such stones at an 
early date. It is a mistake to delay operation because the stone is causing 
no symptoms. The problem of urinary infection plays a large part in 
the incidence of tonnation of stone, and the end-result of the treatment 
of the stone depends considerably on the degree of such infection and on 
the physician's ability or inability to conquer it. 

Tiijjior. — Simpson ■* considered the diagnosis, pathologic changes and 
treatment of carcinoma of the kidney. In his experience carcinoma 
of the kidney, in contradistinction to hypernephroma, papillary carcinoma 
of tlie renal pelvis and the embrj-onal adenosarcoma of children, gives 
rise to a syndrome characterized by; (1) severe pain in the back, 
which is constant, is unaffected by exercise and is caused by extension of 
the growth to the upper lumbar vertebrae; (2) hematuria, usually of 
short duration without recurrence, and (3) absence of any obvious 
enlargement of either kidney. Objective findings of unilateral reduction 
of function and collapse of one or more lumbar vertebrae complete the 
diagnosis. Following retrograde pyelography, the absence of pelvic 
<le{or5nitY in early cases may be misleading. Even in advanced cases 
there may be little peh-ic abnormality. Simpson considered involvement 
of the upper lumbar vertebrae to be the result of local extension through 
hinphatic structures rather than of metastasis, and in support of this 
contemiou he quoted the report of a case of Fraser’s in which only 
bait of the body of the first lumbar vertebrae was involved on the side 
of the affected kidney. 

In contrast to other renal tumors carcinoma infiltrates and replaces 
renal tissue without perceptible enlargement, so that clinically there is 
no palpable tumor. 

hour cases are reported, in all of which these characteristic svmp- 
tnin< wvre present. 

Kiml.all and Ferns = stated that the peh-is of the kidney is involved 
m^'cb less commonly than the renal parenchyma. In 1924, 

.N,ni,vun. Gr.->hnm: Carcinoma the Kidney. Brit. J. Surg. 21:388 (Jan.) 

5 Khnhail K X and Ferris. H. W.; Papillomatous Tumor of the Renal 

Bladder-, Review o 

•v.^U.rc .-u-,,! Kepmt ot Tvvo Cases. J. Urol. 31:257 (March) 1934 
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llioiiias .mcl Kff^nici icvicwcd 248 cases in which tumors invaded the 
renal ])clvis, ureter and bladder; they found that the renal pelvis alone 
was mvolvcd in 33 per cent, the renal pelvis and ureter in 14 per cent, 
and the renal pelvis, ureter and bladder in S per cent of the cases. Papil- 
lary tumors of the renal jiclvis grow slowly and cause profuse hematuria. 
Ihis hematuria, often ma.ssivc and sometimes painless, is the most 
predommaut sym])tom ; it occurred in 96 per cent of 74 cases studied 
by Kimball and I'crris. Jt occurs comparatiA'ely early in the course of 
this condition. 1 he longest duration recorded was of intermittent 
hematuria over a period of twent}' years. Pain was usually caused by 
-secondary obstruction resulting from intermittent and A'ariable hydro- 
nephrosis. Jt was accompanied by hematuria in 52 per cent of the cases. 
In only 15 per cent could a mass be felt and, when a mass rvas palpable, 
it was usually cA-stic and soft, and AA-as caused by hydronephrosis. 

Kimball and I'crris stated that cystoscopic data are extremely sig- 
nificant in cases of tumor of the renal pelvis. It was the means of 
diagnosis in 85 per cent of the cases studied. The groAvth usually 
originates in the A\'ail of the renal pelvis and occasionally inr^ades the 
j)arenchyma. The tumor ma}’- vary from a small, localized tuft to an 
extensive mass that completely Jills and distends the pehds. The 
metastatic growths in the bladder may be either single or multiple, and 
they usuall}’’ are near the affected ureteral orifice. The ureteral orifices 
and adjacent bladder Avere immlA^ed in 48 per cent of the cases of 
Kimball and Ferris. At the time the reports of the cases Avere published 
there Avere knoAvn recurrences in 64 per cent of the cases and no knoAAm 
recurrences in 32 per cent after removal of the primary tumor. The 
original tumor was malignant in 38 cases, or 51 per cent, and benign 
in 36 cases, or 49 per cent. In the group in Avhich the original tumor 
was malignant the recurrences Avere malignant in 75 per cent and benign 


in 20 per cent of the cases. 

Kimball and Ferris stated that tumors of the renal pelvis are 
inherently malignant and that the microscopic characteristics of 
benignancy do not insure innocent behavior on the part of the tumor. 
Recurrences in the loAver segments of the ureter and in the bladder- 
have often been observed. In Kimball and Ferris’ series of 74 collected 
cases, 40 patients Avere treated by nephrectomy and 25 by nephro- 
ureterectomy, including the intramural part of the ureter. Thirty, 

75 per cent of the 40 patients Avho underAvent nephrectomy, are known 
to have had recurrences. Secondary ureterectomy AA'^as performed on 
these patients, with further recurrences in 12, or 57 per cent. The <no\vi^ 
mortality in the group treated by nephrectomy was 33 per cent. Primary 
iiephro-ureterectomy, without including the intramural pait of the 
Avas performed in 25 cases. There Avere knoAvn recuriences in , 
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68 oer cent of these cases. Further resection of the intramural part of 
the meter ;as done in 12 cases, with still fmther — ces m 4 cas^s^ 
The known mortality for this group was 44 per cent. In onlj 6 cases 
primary nephro-ureterectoiny, which included the intramural part 
of the ureter, performed. In 2 of these cases the diagimsis was benign 
tumor and in 4. malignant tumor. The known mortality m the group 
of cases of malignant tumor was 25 per cent. Of the total of /4 patients, 
28 were known to have died, a mortality of 38 per cent. 

lyimball and Ferris state their, belief that in the treatment of papil- 
lomatous tumors of the renal pelvis, nothing short of primary, complete 
nephro-ureterectoiny, with resection of the intramural part of the ureter 
should be considered. 


Hydronephrosis. — Fagge® presented a case of advanced hydro- 
nephrosis of the right kidney, in which the symptoms were referable 
chiefly to the gastro-intestinal tract. For years the patient had had 
indigestion, with attacks of pain, nausea and vomiting, suggestive of 
an intermittent duodenal obstruction. These attacks had -been brought 
on and relieved by a change of posture. 

A study of the gastro-intestinal tract revealed compression, marked 
elongation and mesial displacement of the second portion of the 
duodenum. There was no palpable mass, but an excretory urogram 
revealed advanced hydronephrosis of the right kidney with a large 
cxtrarcnal pelvis displacing the duodenum. Removal of the kidney 
completely relieved the gastro-intestinal symptoms. 


[Compilers' Note. — Silent hydronephrosis is not uncommon. There 
may be advanced hydronephrotic atrophy without any symptoms refer- 
able to the urinary tract. This is especially true of hydronephrosis of 
the left kidney. When the right kidney is involved, however, and 
especially when there is large extrarenal pelvic dilatation because of 
its relation to the second portion of the duodenum, the symptoms may 
be predominantly or entirely gastro-intestinal, with a S3mdrome charac- 
teristic of gastroduodcnomesenteric ileus or intermittent duodenal 
obstruction. 

During an attack relief may be obtained by changes in posture ; the 
extreme 3 rendelenburg position usuallv gives relief.] 

Hmman.- m an experimental study of hydronephrosis, has thrown 
bght not only on the mechanism of this condition but also on the causes 
m many other renal disturbances. Complete obstruction of the excretora^ 
ducu^Kw glands (salivary, pancreatic and biliary) produces primarj^ 


- » Brit. J. Surg. 21:151 (Julv) 1933 

lirXTliy Hydroneplwosis. Surg.. Gr-nec. & Qbst.’ 
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atrophy and necrosis, hut complete obstruction of the ureter results 
m a condition that is unique, namely, progressive hydronephrotic atrophy. 
1 nmary atrophy occasionally occurs, and the secondary changes vary 
.giving the picture of a secondarily contracted kidney, of the changes 
caused by infection or of attempts at repair. 

The results of the experimental work of Hinman are summarized 
under five headings: (1) pathologic changes produced by ureteral 
obstruction ; (2) efiect of prolonged modification of secretory pressure 
on tlie rate of the production of these changes; (3) effect of relief of 
obstruction on these changes; (4) relation of structure to these changes, 
exemplified by the comparative variations in living forms, and (5) rela- 
tion of renal h^ydromechanics to the production of hydronephrosis and 
primary atrophy. 

1. The pathologic changes produced by complete ureteral obstruc- 
tion in the unipapillar}’ kidneys of the rabbit or dog are characterized by 
progressive pelvic distention and by parenchymal atrophy. The patho- , 
logic changes of hydronephrosis in the metanephros of the rabbit are 
characterized by progressive ureteropelvic distention and by parenchymal 
atrophy. The tubules undergo dilatation, collapse and atrophy. The 
glomeruli persist longest. The changes are found in groups of structures 
and are not diffuse and uniform. This early atrophy of certain groups 
and the relative preservation of others are related to the blood supply. 
Both pelvic and tubular distention affect the renal circulation. Back 
pressure is the primary and essential factor, but anemic atrophy is the 
more active and controlling factor in producing the changes of hydro- 
nephrotic atrophy. 

2. The effect of prolonged modification of secretory pressure (intra- 
pelvic pressure) on the rate of development of hydronephrosis was 
studied by producing polyuria and oliguria, by lowering secretory pres- 
sure through prolonged partial constriction of the renal artery and by 
raising secretory pressure through prolonged partial constriction of the 
renal vein. It might be assumed that variations in intrapelvic back 
pressure would cause proportionate variations in the rate of development 
of hydronephrotic atrophy. It was found, however, that experimentally 
this was not so, and that polyuria or oliguria in no way modified the 
rate of progressive dilatation. The slightest modification of the blood 
supply producing parenchymal anemia hastened the dilatation to a marked 
degree, even when the intrapelvic pressure was lowered at the same time ; 
this indicated that although increased intrapelvic pressure is essentia! 
to hydronephrotic atrophy, the rate of development is largely determined 
by the secondary circulatory changes with the resultant anemic atrophy. 

3. The effect of the removal of the ureteral obstruction on hydro- 
nephrotic atrophy was studied b}' ligating and dividing one meter near 
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,!,e Modifications of the rate of repair tverc 

TdW t t nU ‘fie stlmute or demand for repair by operahons on 

; oppoL normal kidney, that is, by "eP'-f J t 

or bTslow destruction of the kidney through partial obstruction of its 
uretL It was iound that the repair of hydronephrotic atrophy, follow g 
removal of the obstruction of the ureter, is characterized grossly hj 
shrinkage in siae and microscopically by the return of the less injured 
groups of gloirrerulotubular units to a more normal appearance. The 
glomerular and convoluted portions of the units m which repam has 
taken place show hypertrophic changes. Restoration of function is 
proportional not only to the number of structural units in which repair 
takes place hut also to the degree of hypertrophy in each. With repair 
the same stage of hydronephrotic destruction shows, in different kidneys, 
a variation in the degree of these hypertrophic changes according to 
the nature of the excretor}’ burden placed on the kidney at the time the 
obstruction in the ureter is removed. The maximal amount of repair 
of structure and restoration of function follows a gradual shifting of 
the burden, such as follows slow destruction of the opposite kidney. 

4. The question arises whether hydronephrotic atrophy is peculiar 
to or dependent on the structural arrangements as seen in mammals in 
whicli tlie kidneys are metanephric, either uiiipapillary without columns 
of Berlin or multipapillary with such columns. The arrangement of the 
pelvis to the blood supply is intimate. All other kidneys are without a 
pelvis, and the blood vessels enter on the side opposite the excretory duct. 

1 he question arises ; Can hydronephrosis develop with this structural 
arrangement? It was found that the pathologic changes of hydro- 
nephrosis occur only in kidneys which have internal glomeruli. The 
gross and microscopic changes occur most typically in the mammalian 
kidney, which has a hilus and a pelvis. This structural arrangement, 
however, is not essential. Similar changes follow complete obstruction of 
the ureter or of the primary' excretory duct of the apelvic kidneys of 
reptiles, birds and amphibians. The microscopic changes which follow 
the direct obstruction of tubules in the pelvic ty'pe of kidney', such as 
occur.s when a papilla has been tied, resemble those which follow' indirect 
obftructioti, such as occurs when the ureter has been tied. 

^ a. Ihe developnient of hydronephrosis presupposes the continuation 
m renal activity with the maintenance of intrapelvic pressure This 
can take place only if there is resorption. There has to be an’ inflow 
outflow, and this can take place only through resorption when the 
uruer IS completely blocked. This theoretical assumption is confirmed 
t experimental observations. The mechanical factor in the develon 
".'.em 01 hydronephrotic atrophy is a backflow of urine into the venous 
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system. In mammalian kidncj's this backflow is probably at first pyelo- 
vcnous and later bccon)es tubulovenous. In the apelvic mesometanephros 
of the ic])tile, bird and amphibian the backflow fails to occur on complete 
obstiuction of the excretory duct; anuria develops, and the pathologic 
change of jjrimary atrojdiy, instead of hydronephrotic atrophy, results. 

Mathe and de la J’ena stated that a high percentage of failures has 
bceti reported by surgeons who, having previously performed plastic 
operations on the kidney for hydronephrosis, have checked their results 
after operation by the ureteral catheter, by studies of renal function and 
by i)yoIography. These failures are due to the following factors; 
improper or insufficient correction of the obstructing lesion in the upper 
part of the ureter and ureteropelvic juncture, improper selection of the 
particular t^’pe of plastic repair for each individual case and lack of 
appreciation of certain technical points that are necessary for permanent 
relief of renal retention and hydronephrosis. The most common causes 
of failure in correcting etiologic obstructive lesions are; buckling of 
the mucosa following the Fenger operation of longitudinal incision and 
transverse closure for stricture and valve formation of the ureteropelvic 
juncture, lack of proper disposition of obstructing, anomalous vessels, 
neglect to perform thorough ureterolysis and failure to employ 
nephropexy. 

The most common causes of hydronephrosis in the upper part of 
the ureter are ; ( 1 ) movable kidney, with angulation of the ureter over 
anomalous blood vessels, angulation over fibrous bands in the perirenal 
tissues and angulation due to the collapse and adhesion of the ureter 
against the side of the pelvis; (2) lateral insertion of the ureter; (3) 
inflammatory contracture or. stricture of the ureteropelvic juncture; (4) 
formation of calculi in the upper part of the ureter and pelvis, 
and (5) sclerosing, infectious and traumatic perinephritis. Patients with 
early h)'dronephrosis secondary to a movable kidney associated with 
angulation of the ureter, in whom the angulation is due to fibrous bands 
or to a collapse of the ureter and adhesion to the pelvic wall, can usually 
be relieved by ureterolysis and by nephropexy. Hydronephrosis 
secondary to smaller aberrant vessels is best relieved by ureterolysis, 
resection of the vessels and nephropexy. In cases of early hydronephrosis 
caused by a stricture of the ureter of large caliber and formation of 
valves at the ureteropelvic juncture, relief can be obtained by longi- 
tudinal incision with transverse closure. In advanced cases of formation 
of a stricture, resection of the sclerotic ureteropelvic juncture, reim- 
plantation of the ureter into the pelvis and temporary nephrostomy 


8. Mathe, C. R, and de la Pena, Emilio: Surgical Eepafr of Hydronephrosis, 

with Reference to Technical Points Favoring Relief, J. Urol. 31:1 (Jan.) 1934. 



SCHOLL ET AL.-REVIEW OP VEOLOGIC SURGERY W 


are indicated. In hydionepteosis due to sclerosing, Wectious and 
traumatic perinephritis, nephrolysis and ureterolysis should be per 
formed, and the type of repair which is based on the nature an e>. en 
of the hydronephrotic sac should be utilized. 

Single Kidnev in Pregnmey.— Prather and Crabtree « stated that in 
general, nephrectomy is not a contraindication to prepiancy. They 
reported the cases of 296 women who had undergone nephrectomy, 365 
pregnancies having subsequently developed among these women. In 55 
per cent of these cases nephrectomy had been performed because of 
tuberculosis. Renal pelves and the upper part of the ureters undergo 
the familiar type of dilatation encountered during pregnancy. ^ The 
right kidney reveals a greater degree of dilatation than the left lcidneJ^ 
If the kidney is normal tests of renal function reveal an adequate 
margin of safetj' during pregnancy. The study of these patients should 
include thorough physical examination, repeated examinations of cathe- 


terized specimens of urine, inoculation of guinea-pigs rvith specimens of 
urine from patients who give a history of tuberculosis of the urinary 
tract, studies of the blood, two hour tests with phenolsulphonphthalein 
and intravenous pyelography. 

Jilany early investigators advised against marriage for the woman 
wlio had undergone nephrectomy. Accumulated statistics indicate a 
mortality rate of from only 1.09 to 1.4 per cent. In patients who on 
e.\ainination are not found to have any abnormalities pregnancy should 
always be allowed to continue, though under close obsen^ation. Prather 
and Crabtree believed that the desire to avoid permanent renal injury, 
combined with closer study, may in the future result in a somew’hat 
higher percentage of interruptions of pregnancy, tire indications for 
such interruptions are : the finding of air injured kidnej' early in preg- 
nancy and obstetric or renal complications later. 

Supcrmiwcrary A'idiiey.— Saccone and Hendler reported the 
accidental finding of a supernumerary kidney at necropsy. There rvas no 
communication between the two kidneys, which were on the left side; 
each had a separate supply of blood and a separate ureter, the ureters 
uising below the pelvic brim and outside of the bladder. In this case 
the supernumerary kidney had been a normal, functioning, independent 
organ, as was revealed by its anatomic position and by microscopic 
study. Symptoms referable to the genito-urinary tract had never been 
number of such cases reported, including this one, is 36. 


G. C, and Crabtree. E. G.; The Lone Kidney in Pre-nanev 
ir. Ain. .\, Gemto-Lnn. Surgeons 26:313, 1933. “ 

10 V,,, ^ ^ . Supernunlera^^• Kidnev Renort of 

•• A.v ra-.l Review of the Literature. J. L'rol. 31:711 (May) I 934 . ' ' ^ 
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I-I^mncjAlrcctomy.~C:^x^^phfl\\^^ reported 5 cases of hemipyone- 
plu-osis among young clu'ldren. Double kidneys are more prone to disease 
than normal organs. This lesion may cause persistent urinary infection 
among juveniles and, because of pyuria, the diagnosis of chronic pyelitis 
is commonly made. Complete urologic examination is essential to the 
correct diagnosis of hemipyonephrosis. Ureteroherainephrectomy is the 
treatment of choice when half of the double kidney remains undiseased, 
and the operation is technicail}' feasible if the condition of the patient 
permits. If marked renal infection is present, especially if it is acute, 
nephrectomy is often the best procedure. Ureteroheminephrectomy was 
successfully performed in the case of an infant 6 months of age, the 
youngest patient in this series. 

Perinephric Abscess. — Kessler, Bennetts and Bacon stated that 
pathologic processes that present practically all the signs and symptoms 
of perinephric abscess may lie entirely outside the renal fossa. When 
surgical exploration for perinephric abscess is unsuccessful, there should 
be careful consideration and diagnostic investigation of all the structures 
adjacent to the kidney. In this region suppuration of structures other 
than the kidney and perinephric fat have the same etiologic background, 
that is, hematogenous infection from foci of suppuration elsewhere, and 
such conditions occur with sufficient frequenc}' to warrant their con- 
sideration in cases of suspected perinephric abscess. 

Polycystic Disease . — Walters and Braasch^® stated that the con- 
tention that surgical treatment of polycystic kidney is seldom if ever 
indicated, is erroneous. Complications with polycystic kidney that 
require surgical treatment occur frequently. The estimation of renal 
function is of fundamental importance in determining the prognosis 
and advisability of operation. Owing to anatomic conditions present in 
the polycystic kidney, retention tests of renal function usually give a 
better index than excretory tests. Evidence of marked disturbance of 
function in both kidneys, such as is indicated by a value for urea of 
from 50 to 60 mg. or more per hundred cubic centimeters of blood, 
is usually a contraindication for surgical treatment except as an emer- 
gency measure. When complications indicating nephrectomy are 
present in one kidney it is essential to determine first whether the degree 
of function of the other kidney is sufficient to sustain life. Bilateral 
renal deformity, visualized by intravenous or by excretory urography, 

11. Campbell, M. F.: Hemipyonephrosis in Infants and Children, Am. J. Surg. 

21:85 (July) 1933. , . . 

12. Kessler, E. E.; Bennetts, F. A., and Bacon, S. K.; Pennephntic Absc , 

Am. J. Surg. 22:223 (Nov.) 1933. 

13. Walters, Waltman, and Braasch, W. F.t Surgical Aspects of J V- 
Kidne}', Tr. Am. A. Genito-Urin. Surgeons 26:385, 1933. 
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should sen'e to make evident the comparative degree of tunrttmt m 
and to govern the OT= and tts adv.sab.h > 

A polycystic kidney has not infrequently been removed after a clinical 

diagnosis of renal tumor. ^ 

The most common complication occurring with a polyc) s ic 'i 
and requiring surgical treatment is diffuse or localized infection Dit- 
fuse. subacute renal infection may have an insidious onset, and there 
may be but few localizing symptoms. Renal pain is a common symp- 
tom and is usually described as a dull ache, although it may become 
acute. It may be caused by excessive renal weight, exerting a pull on 
the renal pedicle, by intracystic or external pressure or by infection. 
Puncture or enucleation of one or more large cysts may serve to 
ameliorate the condition or to eradicate pain. Hematuria, usually of 
moderate degree and of limited duration, may become copious and long 
continued. Such hematuria is usually the result of intracystic hemor- 
rhage, with rupture of the cyst into the renal pelvis. Excision or 
enucleation of such cysts usually suffices to control the hemorrhage, 
Sijould destruction of the kidney be extensive accompanied by sec- 
ondary infection, nephrectomy may be necessary. Other complications 
observed with polycystic kidney are renal calculus, neoplasm, tuber- 
culosis and hydronephrosis. 

Nephrostomy . — Cabot “ stated that, as a rule, reimplantation of the 
ureter into the bladder is not mechanically feasible. The results are by- 
no means satisfactory, and pyonephrosis, at least, commonly results. 
This raises the question of implantation of these injured ureters into 
the bowel. Transplantation of a ureter made abnormal as the result of 
obstruction is, however, attended by a risk considerably greater than 
that attending the transplantation of a normal ureter. This increased 
operative risk has seriously interfered with surgeons' willingness to 
undertake the operation. 

In the last two years Cabot has been interested in studying the pos- 
>ibilitY that i>reliminary nephrostomy, resulting in adequate drainage 
of the kidney, mould eliminate the additional risk and make transplan- 
tation of these ureters a sound undertaking. His experience with 3 
such casci, in 1 of which bilateral nephrostomy and bilateral ureteral 
transplantation were performed (3 patients and 4 ureters), is encourag- 
iiic- Nephrostomy has had the effect of maintaining the function of 
tie kidney and of apparently improving it; transplantation, carried out 
after aii interval of several weeks, has proved simple and satisfactory 
K lu. been notable that the technic of the operation has been easy- 

there has been a notable absence of 


Nephrostomy Preliminarj- to Transplantation in Case- 
... tk.c Lrclcr. Prr.c. .'^tafi Meet.. Mayo Clin. 9:125 (Feb. 28) 193 ^ 
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fc\oi postoperalivcly. Drainage has been continued for about two 
weeks after transplantation, and then, on removal of the tube the ureter 
has gone into action without incident and with prompt closure of the 
wound. In fact it has been surprising that the wounds made at 
nephrostomy have not leaked after the first twenty-four hours follow- 
ing removal of the tube. 

Cabot i)resentecl in some detail a case in which bilateral nephrostomy 
had been ])erfonncd ; botli ureters had been transplanted, at separate 
times. 'Phis case, coupled with the 2 in which the procedure was of 
shorter duration, suggests that under these conditions nephrostomy as 
a preliminary to ureteral transplantation can be performed with a low 
immediate mortality rate and with at least as good probability of main- 
taining the integrity of the kidney as by any other method It also 
suggests that preliminary nephrostomy diminishes the risk of trans- 
jdanting the ureter. 

Gutierrez has called attention to the desirability of performing 
carefully planned nephrectomy in two stages in cases of advanced pyo- 
nephrosis in which the patient is too ill to be subjected to primary 
nephrectomy, especially when a perinephric abscess is present or when 
tuberculosis or calculous pyonephrosis is accompanied by an enormous 
enlargement of the kidney and by grave, toxic symptoms. The same 
principle should be followed in renal as in general surgery. Drainage 
of a pyonephrotic kidney to relieve the gravity of the symptoms before 
a radical operation is undertaken is a logical procedure, and it may be 
the means of saving the life of the patient. 

The most important indications for this combined procedure are 
observed in anuria caused by calculus, in infected hydronephrosis, in 
P3mnephrosis with perinephric abscess, in hydro-ureteropyonephrosis 
with or without calculus, in tuberculous pyonepJmosis, in certain types 
of nephrolithiasis and in surgical nephritis. It is also indicated after 
nephrolithotomy or after pyelotomy for the removal of calculi and for 
derivation of the urine when the ureter is incapacitated, as well as in 
certain types of congenital malformations, such as horseshoe kidney 
with bilateral hydronephrosis, pyonephrosis or nephrolithiasis. It has 
its widest application when its primary purpose is the relief of urinary 
symptoms arising from retention and infection. The most important 
point lies in minimizing the surgical shock produced by the removal of 
extensive pyonephrosis, thus enabling the patient to build up bodily 
resistance by a course of general detoxication, strengthening of the 
cardiac and renal function and relieving of septic symptoms, chills, 
fever, acute urinary disturbance and general autointoxication. 


15. Gutierrez, Robert; Nephrostomy as a Preliminary Drainage in Preparation 
for Secondary Nephrectomy, J. Urol. 31:305 (March) 1934. 
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Secondary nephrectomy is not always easy to perform owing to the 
presence of long-standing adhesions, but with a correct preoperative 
diagnosis it can be performed without danger. It should be performed 
as soon as the patient’s general condition permits. Nearly every sec- 
ondary nephrectomy becomes a subcapsular procedure, owing to le 
difficulty of exposing the kidney and of controlling the bleeding in 
some cases. In subcapsular nephrectomy as much as possible of the 
fatty capsule should be removed to prevent suppuration and to aid in 
healing of the wound. 

Livermore^® stated that the benefit from nephrostomy does not seem 
to be appreciated by the profession. Although Cabot and Holland and 
Boyd and others have reported how satisfactorily it has served them, it 
is not being used as often as its worth demands. Because of his appre- 
ciation of the value of nephrostomy, Livermore has presented his experi- 


ence. Some years ago he performed nephrostomy to induce diuresis 
in anuria caused by poisoning with corrosive mercuric chloride. This 
consisted of rapid decapsulation and nephrostomy ; the incision rvas made 
parallel and just posterior to the convex border of the kidney, and 
gauze saturated with 10 per cent solution of sulphonated bitumen in 
glycerin was packed through the wound into the renal pelvis. Although 
the two patients on whom the operation was performed died, the pro- 
cedure proved its worth in establishing excretion of urine, which excre- 
tion continued up to the time of death. 

The main indications for nephrostomy, as given by Cabot and Hol- 
land, are the presence of obstruction which cannot be satisfactorily 
remedied by some other method, namely; (1) acute obstruction, either 
of both ureters or of the remaining ureter, as in anuria caused by cal- 
culus or in malignant disease obstructing the ureter ; (2) hydronephrosis, 
or infected hydronephrosis, in which the cause of obstruction may be 
removable but in which drainage of the kidney as a temporary' measure 
is indicated to improve function ; (3) renal calculi with badly injured 
kidneys; (4) carcinoma of the bladder in cases in which cystectomy is 
occasionally thought suitable; (5) failure of the musculature of the 


I'rivis, ureters and bladder to evacuate urine, and (6) renal infection 
wulumt high grade obstruction, in which case nephrostomy is per- 
formed to avoid renal infection and to allow recovery. 

Livermore reported that in his cases the indications for nephrostomy 
b.-Hl been: anuria from the acute nephritis of mercurial poisoning (3 
cavcM ; anuria due to stricture of the ureter (1 case); failing renal 
tnnctmn tro m ohstniction of the ureter due to ureteral calculi (2 cases), 


^ J>< l.ivcmiorc. G. R.; Xepliro.nomy, Tr. Am. 
, 1 i.t.t ; tSi^cmsion on Guiicrrcz.i- 
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aml mfccled l.vdronc)*ro,,is in one functioning kidney due to kinking 

o ticuielci (lease). I lie technic employed was as follows : The 

IcKiney was exposed and freed if possible. The method of Cabot, 
namely, opening the pelvis and passing a U-shaped sound into this 
opening and out through the cortex at a point that satisfactorily drains 
the lowci calix, is excellent; when the kidney cannot be freed, how- 
e\ei , an ojicning may be made in the convex border or on the posterior 
.surface of the kidne)-, and the pelvis entered. Livermore stated that 
lu: had not used the winged catheter advocated by Cabot but had relied 
on a number 22 to 35 French catheter, cutting off its tip so as to have 
an opening in the end. 7'he catheter may be retained in the pelvis by 
suture to the capsule of the kidney with number 2 plain catgut sutures 
and anchored to the skin by two sutures of silkworm gut. When the 
sinus has been well formed a new tube may easily be inserted and 
held in place by strips of adhesive tape through a safety-pin in the tube. 
All these patients have sjanptoms of uremia, and most of them are 
very anemic. All measures for the promotion of diuresis must there- 
fore be instituted. Transfusion of whole blood not only improves the 
patient’s general condition but also increases the renal function. 

Livermore stated that nephrostomy preliminary to secondary 
nephrectomy should prove of value in selected cases as it is often a life- 
saving procedure. In the anuria caused by obstructions of the ureter, 
either bilateral or in the ureter of a single kidney, which cannot be 
relieved, and in the anuria of acute poisoning hy corrosive mercuric 
chloride, or when the condition of the patient precludes any lengthy 
operation, nephrostomy can be quickly performed. It is not necessary 
to free the kidney; exposure of the posterior surface or of the convex 
border makes it possible to incise the kidney and to pass a tube into its 
pelvis. The tube should be anchored to the capsule of the kidney with 
plain number 1 catgut and to the skin with silkworm gut. In some 
cases it is not unusual to note urine dripping from the tube before the 
patient leaves the operating room; patients in whom this occurs are 
particularly benefited bj^ nephrostomy. 

Obstructing and- Inflammatory Lesions —\N alters stated that emer- 
gency operations on the kidneys and ureters are usually performed 
because of obstructing lesions interfering with the adequate passage of 


urine. The association of renal infections with obstruction produces 
symptoms characteristic of toxemia, the result of pyelovenous back- 
flow or of absorption of toxins and bacteria from severe cortical infec- 
tions, usually with abscesses. Striking examples of restoration of renal 


17. Walters, Waltman; Acute Obstructing and Inflammatory Lesions of the 
Kidneys and the Ureters, Ann. Surg. 98:789 (Oct.) 1933. 



SCHOLL ET AL.-REVIEW OF UROLOGIC SURGERY 693 


function after the removal of renal and ureteral calculi and complete 
drainage of the kidney by temporar>^ nephrostomy are convincing argu- 
ments in favor of using such consen-ative methods of carmg for the 
lesions rather than resorting to treatment by nephrectomy. This is true 
in most cases even when there is considerable infection within the renal 
pelvis (infected hydronephrotic sac) and, occasionally, within the rena 
parenchyma. If a kidney is producing general evidence of severe infec- 
tion and toxemia, however, and the opposite kidney is normal, immediate 
removal of the affected kddney is usually essential to recovery of the 
patient. 

Walters stated that one normally functioning kidney will maintain 
adequate renal function in the presence of complete obstruction of the 
other kidney; thus, any evidence of renal insufficiency in such cases 
indicates that the function of the other kidney is not adequate. There 
are a few exceptions to the rule, but when there is doubt, nephrostomy 
rather than nephrectomy is the advisable procedure. 

Walters stated further that perinephric abscess is characterized by 
a typical clinical picture consisting of pain in either renal area, fever, 
leukocytosis, tenderness to pressure and in most cases scoliosis with 
obliteration of the line of the iliopsoas muscle evident on roentgenologic 
e.\amination. In such cases surgical exploration of the perirenal region 
is always advisable. Intrarenal hemorrhage that requires emergency 
surgical procedures is rare, but it may develop in cases in which there 
is traumatic fracture of the kidney or of its vessels or, although rarely, 
following operation on the kidney. 

Braasch noted that adequate drainage can frequently be established 
by means of the ureteral catheter. Nephrostomy or pyelostomy also 
gives the desired drainage. If an acute cortical infection is present, 
however, neither drainage by catheter nor nephrostomy will correct the 
condition, and immediate nephrectomy is advisable. If on exploration 


many small abscesses are found scattered over the entire kidney and 
if tlie other kidney is similarly affected the question whether nephrec- 
tomy would be advisable may well be asked. 

The clinical diagnosis of cortical infection may be difficult. Often 
the evidence of toxemia is the best guide. The patient has a toxic 
aiqicarance and complains of headache and stupor. There mav be no 
localized tenderness or pain in the region of the affected kidnev. In 
doubtful cases it would be a conservative procedure to remove the 
kidney m order to prevent the possibility of secondary infection of the 
otlier kidney by way of the blood stream. This course would be prefer- 
until the other kidney becomes involved, a condition which 


^V. F., in discussion on WaUers.i" 
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would be shown l)y an increase in the blood urea. At necropsy, cortical 
infection is usually found in the other kidney, and often such an infec- 
tion would not have develojied if the primarily infected kidney had 
been removed earlier. 


]3raasdi mentioned another phase of the problem, brought out by 
W^allcrs m demonstrating how dependent one is on intravenous or 
excrelory urography. For various reasons the general surgeon has 
been slow to adopt this most valuable adjunct in the diagnosis of renal 
conditions. One reason may be that he regards urography as being 
within the exclusive province of the urologist. Braasch does not think 
that it is. Intravenous urography is a method of general diagnosis, 
and it should he employed more often, as it undoubtedly will in the 
future. The only difficulty is the matter of interpretation; with increas- 
ing familiarity with interpretation of the intravenous urogram, however, 
the method will be employed in routine differential diagnosis of 
abdominal disease. More and more diagnoses are being made by the 
country practitioner by means of this invaluable method. It has proved 
of great \-alue in the evaluation of postoperative results. Braasch 
warned, however, that one should not expect too much from intravenous 
urograms made within a week or ten days after operation on the kidneys, 
A reflex inhibition of excretion often persists for several weeks. If 
urograms are taken two weeks or a month later most interesting data 
which could be acquired in no other way are often available. 

Intravenous or excretory urography is of great value to the sur- 
geon in interpreting roentgenographic shadows, in determining the posi- 
tion of the stone in the kidney and in ascertaining the function of both 
kidneys. Next in importance is the aid it gives in the demonstration 
and A'isualization of stasis; in this respect it is unquestionably of great 
value to general practitioners. It is also of great value in injuries of 
the kidne 3 ^ From the evidence of extravasation of urine into the sur- 
rounding tissues it is possible to determine not only when rupture of 
the kidney is present, but also its degree. Rupture of the bladder is 
much better demonstrated by means of the intravenous cystogram than 
in any other way. Thus the danger of ascending infection from 
catheterization is avoided. 

Beer stated that it is well known that a stone in the ureter may 
inhibit renal function. A catheter passed up to the stone may fail to 
collect a specimen of urine and give the impression that the kidney is 
definitely not functioning; as a matter of fact, in many of these cases 
an intravenous urogram may show that there is no function. Rot 
knowing this, the general surgeon may operate on the kidney to inspect 


19. Beer, E., in discussion on Walters.i^ 
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it and perhaps remove it. Beer believed that the rational procedure in 
cases of so-called "resting kidney,’ or ‘hibernating kidne), m 

"Lve the obstructing stone. He did not f 
resting or hibernating; on the contrarj^ he believed that the> 
secretin^ all the time, although one could not collect a specimen. I 
said that in ever)' abdominal condition in which the diagnosis is not 
dearcut, a flat plate roentgenogram, an intravenous urogram and a 
series of tests of the gallbladder and of the gastro-intestinal tract 

should be made. 

Typhoid Infection . — Huggins and Roome reported 2 cases in which 
the patients were carriers of chronic urinary typhoid infection and had 
pyonephrosis with calculi. In both cases a cure was obtained by 
excision of the pyonephrotic kidney. The importance of a complete 
urologic examination of these carriers is emphasized. 


ureter 


Tumors . — Colston reported a case of primary papillary epithelioma 
of the ureter in which existed the hitherto unreported complication of 
implantation of the tumor in what probably ivas a preexisting diverticu- 
lum of the bladder. The treatment consisted primarily of nephrectomy, 
which was followed by complete ureterectomy nine months later when 
the correct diagnosis was made. Six months after the second operation 
the diverticulum containing the implant was removed. The correct diag- 
nosis was not made until persistent bleeding from the ureter was dis- 
covered on cystoscopic examination and the ureterogram presented a 
typical picture. Colston also reported 2 other cases from the records 
of the Brady Urological Institute, in both of which the patients died. 

The value of the diagnostic sj-ndrome of Chevassu and Mock, 
obstruction to the passage of a ureteral catheter followed by a copious 
flow of blood from the ureteral orifice, and the great importance of the 
ureterogram are emphasized. Complete nephro-ureterectomy is the 
method of choice, and all obsen'ers who hai'e rvritten on the subject 
say that it should be employed in all the cases in which the condition 
of the patient permits. The inadequacy of manv methods of so-called 
complete nephro-ureterectomy is emphasized, as the mucous membrane 
of the distal stump of the ureter is not removed or destroyed by those 
methods. The extreme importance of complete eradication or destruc- 
tion of the ureteral mucous membrane, especially in the intramural por- 
tion ot the ureter where implantation of a tumor has been shown to 


P-Vonephrods: Its Urological 

^...^1 ■...'V.c Uc.iUh Swwficancc. J. Urol. 31:587 (April) 1934 " 
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occur, IS cmijliasi/.cd. A mclhod of complete ureteronephrectomy is 
reported, comhmm^r the previously well known steps but adding the 
hithei to unieported technic by which the mucous membrane of the distal 
stump of the ureter is completely destroyed by high frequency current 
throughout its course through the wall of the bladder. 

Aiiastoiiiosis. Higgins-- presented a technic for simultaneous 
bilateral tran.splantation of the ureters into the rectosigmoid colon. In 
hi.s method the continuity of the ureter is not interrupted until the new 
channel develops, and the normal physiologic function of the upper 
part of the urinary tract is not altered until the anastomosis has formed. 
'J'he simplicity of the procedure allows the operation to be performed 
on a child with exstropliy of the bladder, before the development of 
renal complications. Higgins reported a case in which a boy, aged 4 
years, underwent such an ojjeration and in which a most satisfactory 
result was obtained with onl}' a slight postoperative reaction. Examina- 
tions of the kidneys and ureters of dogs have been made six months 
after this operation, and evidence of hydronephrosis or of infection has 
not been obser\-cd. Higgins stated that experience with animals has 
shown that following this procedure peritonitis, shock and acute renal 
sepsis arc reduced to a minimum. 

Injury . — Stevens stated that injury to the ureter is a serious com- 
plication which results disastrously in a large percentage of cases, espe- 
cially if it is not recognized during the operation. The left ureter is 
injured more frequently than the right during pelvic operations, incision 
being the most common type of ureteral accident. A ureterovaginal 
fistula is the usual sequel to ureteral injury. Although a normal ureter 
is never perforated by an ordinary ureteral catheter, this accident may 
occur if the ureteral wall has been injured by some preceding pathologic 
condition. The use of wire stylets should be abandoned. Operation is 
not necessarily required following perforation or rupture of the ureter. 

In certain types of operation, such as hysterectomy for carcinoma, 
removal of large pelvic growths, and when difificulty is anticipated 
because of adhesions or other abnormal conditions, the insertion of 
ureteral catheters before operation is a time-saving procedure, aiding 
in the detection of the ureters and insuring them against injury. 

22. Higgins, C. C. : Aseptic Ureterointestinal Anastomosis, Am. J. Surg. 22; 

^°^23.^St^evensf W. E.; Accidental Operative Injuries of the Female Ureter, J. , 
Urol. 31:741 (May) 1934. 


(To be concluded.) 
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PASSIVE VASCULAR EXERCISES 

treatment of peripheral obliterative arterial diseases by 

RHYTHMIC ALTERNATION OF ENVIRONMENTAL PRESSURE 

LOUIS G. HERRMANN, YI.D. 
and 

;NtONT R. REID, MU. 

CISCl^IRATI 


The principal objectives in the treatment of obliterative arterial 
diseases are the relief of pain and the reestablishment of an adequate 
collateral circulation in the extremity. The active vascular exercises 
advocated by Buerger,* later modified by Allen,- as well as all forjus 
of chemotherapy, physical therapy and surgery, contribute greatly to 
tlic patient's comfort. These measures, however, fail to bring about 
a complete or even an adequate restoration of the circulation in the 
majority of patients, especially in those suffering from extensive 
organic disease of the peripheral arteries. 

It has long been known that the circulation of apart could be enhanced 
greatly by decreasing the environmental pressure, thereby decreasing 
tlie peripheral resistance to the flow of blood through the part. This 
principle was first utilized clinically by James iMurray,® in 1812. Many 
reports concerning this method of treating acute and chronic inflam- 
matory processes appeared during the past one hundred years. In 1905, 
Kla]))) * imilt an apparatus into which an entire extremity could he 
placed and treated by decreased environmental pressure. He reported 
excellent results in mobilizing stiffened joints after increasing the 
vascularization by means of the suction apparatus. In 1908, Willy 
Meyer and Schmieden ■■ published a hook entitled “Bier’s Hyperemic 


t'r.TO vhc Depanment ot Surgery, the University of Cincinnati College of 
Medic me. and the Vascular IVseasc Clinic of the Cincinnati General Hospital. 

1 l.ucrgcT. I..: Circulatory Disturbances of the Extremities, Philadelphia, 
tv P. Saunders C timpauy. 1924. 

2 Allen, .ytluir \V.; Recent .Advances in the Treatment of Circulatory 
Di-Uirhnncc' oi the Extremities. .Anti. Surg. 92:931, 1930. 

Murray, lames: Nature and Treatment of Cholera; New Method Pro- 
und. L.mVn M. & J. i:749. 1832; 2:185. 1832; On the Local and 
n . cral Int.uci.rr rei the Body oi Increased and Diminished -Atmospheric Pressure 

^ _ 4. KLj,;, K Mohilisientng versteifter und Streckung kontrakturierter 

' c Mtinchen. mcd. AVchnschr. S2:79(L 1905. 

Hyperemia Treatment, Phila- 

■ . u L. Saw,', nerv t,,ntp3ny. 1908. 
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1 rcatnicnl, in wlncli thc}- described and illustrated Bier’s apparatus for 
)nngin^^ about an increase in the circulation in the extremities by means 
of suction. In 1917, Sinkowitz and Gottlieb®" reported excellent results 
in Ihrombo-angiitis obliterans with Bier’s suction hyperemia treatment. 
In 192S, Dennis Jackson" of the department of pharmacology of the 
Univeisity of Cincinnati designed and built a special metal boot, ivith 
small windows in it, for the aiijilication of suction to the lower extremi- 
ties, but as far as can be determined the boot was never used for 
clinical jnirjioses. Braeucicer ‘ published an interesting article on the 
treatment of Raynaud’s disease by creating a partial vacuum about 
the afl'ccted extremity. I-Ic illustrated and described his apparatus 
in detail, and reported excellent results from this form of treatment 
in nineteen patients with Raynaud’s disease. He stated that the patients 
remained free from si’inploms after from four to eight weeks of 
intensive treatment 

In y\ugust 1932, we® completed an apparatus with which we were 
able to create an environment of intermittent negative pressure about 
an extremit}-. That apparatus was constantly modified and improved 
until, in Februar)' 1933, we constructed the original Pavaex research 
unit. The apparatus is entirel}' automatic, and will rhj'thmically change 
the pressure within the treatment chamber to any selected degree and 
at any selected rate of alternation. It was through the use of the 
automatic apparatus ^ for over a thousand treatments that we were 
able to collect sufficient clinical and experimental data to prove beyond 
doubt that the rhythmic exchange of pressure from about 80 mm. of 
mercury negative pressure to about 20 mm. of mercury positive pressure 
is responsible for the development of an adequate collateral arterial 
circulation. In the last analysis the treatment consists of passive Avascular 
exercises, Aidn'ch, Avhen carried out frequentl}’- enough, cause the smaller 
arterioles to dilate and become sufficiently large to carry on the collateral 
circulation about the obliterated or badly diseased arteries. 

5a. Sinkowitz, S. J., and Gottlieb, I. ; Thrombo- Angiitis Obliterans : The 
Conservative Treatment by Bier’s Hyperemia Suction Apparatus, J. A. M. A. 68: 

961 (March 31) 1917. 

6. Jackson, Dennis E. : Personal communication to the authors, July 7, 1932. 

7. Braeucker, W. : Die Behandlung der Raynaudschen Krankheit, Chirurg, 

3:756 (Sept. 1) 1931. - 

8. (a) Reid, Mont R., and Herrmann, Louis, G. : Treatment of Obliterative 

Vascular Diseases by Means of an Intermittent Negative Pressure Envhonment, 

J Med 14:200 (June) 1933. (l>) Herrmann, Louis G., and Reid, Mont R.: the 
Pavaex (Passive Vascular Exercises) Treatment of Obliterative Arterial Diseases 

of the Extremities, J. Med. 14:524 (Dec.) 1933. 

9. Prior to the use of this automatic apparatus the manually controlleci unit, as 
described and illustrated in previous publications, Avas used for oyer tivo thousan 
and six hundred treatments. The basic principle is the same m both types oi 

apparatus. 
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In February 1933, Landis and Gibbon » published a preliniinary 
note on the effects of alternate suction and pressure on the circulat oi 
in the lower extremities of a normal subject. They employed iron 
100 to 120 mm. of mercur}^ negative pressure for trYcnty-five secon s, 
followed bv from 80 to 120 mm. of mercury positive pressure for fire 
seconds. The skin temperature was measured to detect changes m tie 
blood How. Landis “ later stated that they were pthering some inter- 
esting and important data concerning the actual increase in the blood 
flow as brought about by the method of alternate suction and pressure. 
Until that time, however, they had confined themselves to the problem 
of discovering the most efficient method of applying negative and positive 
pressure, with the plan to use that information later in the treatment 
of patients. Such fundamental physiologic studies will undoubtedly 
place this form of treatment on a sound scientific basis.^’“ 


THE PAVAEX (passive VASCULAR EXERCISE) APPARATUS 

For the purpose of studying the effect of various amounts of negative and 
positive pressure and various rates of alternation on all forms of obliterative arterial 
diseases we designed and built an apparatus whicb we called the Pavaex research 
unit. The apparatus (fig. 1) consists of a control box and a chamber into which 
the extremity is placed. A specially constructed door on one side of the treatment 
chamber is designed to permit calorimetric and oscillometric studies to be 
made while the extremity is subjected to various amounts of negative or positive 
pressure. The construction of this chamber has been described in detail in previous 
publications.'^ The control box (fig. 2) of the unit houses all the mechanical and 
electric equipment necessarv’ for the automaticity of the alternation of pressures. 
The unit was designed for the treatment of several patients at one time (capacity 
for six paticnlsl ; consequently, separate sources of suction and pressure have been 
provided. In the \ascular Disease Clinic of the Cincinnati General Hospital the 
source oi suction is a Worthington vacuum pump, with a capacity of 10 cubic feet 
(0.2S cubic meter) of air per minute at 26 inches (66.04 cm.) of mercury negative 
pressure. The pressure is supplied from the compressed air line of the hospital. 
The pressure and suction lines are connected to the control box by flexible heavy- 
rubber tubes. The flexible tube to the treatment chamber passes out the opposite 
side of the coutrol box. 


10. Landis, E. M., and Gibbon, J. H.; Effects of .Alternate Suction and 
Pres sure on Circulation in the Lower Extremities, Proc. Soc. Exper Biol & Med 
30:50.1 (Feb.) 1933. 


11. Landi.s, E. M.; Personal communication to the authors, Afay 16, 1933. 

11.1. Since this article was written a report of the important work of Landis and 
Gib Km has appeared in the Jounral oi Clinical Investigation. Reference will be 
to that work in a subsequent publication. 


i: Herrmann Louis G.: Syphilitic Peripheral Vascular Diseases: Treatmen 
tr"f Xegative Pressure Environment, Am. J. Svph 17 

(.Inly) 1953. (b) R,id Herrmann.- (o) Herrmann and Reid^^" 
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Fig". 1. — Tlic original Pavaex Research Unit connected with the treatment cham- 
ber. Note that the e.xtremity is elevated several inches above the level of the 
patient’s heart. 



Pig. 2.— The control box of the original Pavaex apparatus, showing the coir 
nections with the main supply of negative and positive pressure. 
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The control panel (fig. 3) carries the following objects : the dial in the upper 
left-hand corner which shows the amount of suction present in the main system at 
all times: the corresponding dial on the opposite side showing the amount of 
pressure present in the main system at all times ; the knob below the suction dial 
which controls the rate at which air is withdrawn from the treatment chamber ; 
the corresponding knob on the other side which controls the rate at which air is 
permitted to enter the treatment chamber ; the large dial in the center which shows 
exactly the amount of positive or negative pressure existing within the treat- 
ment chamljer at all times; the main switch on the left which controls the supply 
of current to the control box, and the corresponding switch on the other side 
which controls the current to the electric motor which drives the vacuum-pump. 





— -- » — 

-1 Ik- mnirol rmd rf Ite orisiml Pavaex apparatus. The large dial in 
> .TVS ,1., actual n,,a,i„ „„„„„ " 

nimem chamlicr at all times during the treatment. 


\n 

1 ;i 

'.'IK 


ndicr h 

el.Tr.ff 

te-n T 

"■Ui. tf 
1 ■.••'.tWv 

\ ' V 4 ■ ^ 

* t’l. 
‘"■tc t.!v 

< ' ’ :r. ' 


;lu 1 . c.mnectal m each of the circuits in order that one can be certain 

} ‘n\i. s.r,c. Au eketne nnen-al rlnri- 

^ r that the rv.. nf .w . u. mounted on 

? . •^UeruaUon nnd th/> 

mnrmmrd .accurately. Tiic anp.aratus ;■ v • “I the 

1 „ .T tr.ai,ied .aT.jvm;,; -j-j, '. ' ' c'"«ent and accurate 

patients who have been treated 



700 


.-ih’CJ/irns or surer ry 



Fig. 1. — The original Pavacx Research Unit connected with the treatment cham- 
ber. Note that the c.xtrcmity is elevated several inches above the level of the 
patient’s heart. 



Fig. 2.— The control box of the original Pavaex apparatus, showing the con- 
nections with the main supply of negative and positive pressure. 
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The control panel (fig. 3) carries the following objects; the dial in the upper 
left-hand corner which shows tlie amount of suction present in the main system at 
all times; the corresponding dial on the opposite side showing the amount of 
pressure present in the main system at all times; the knob below the suction dial 
which controls the rate at which air is withdrawn from the treatment chamber; 
the corresponding knob on the other side which controls the rate at which air is 
permitted to enter the treatment chamber ; the large dial in the center which shows 
exactly the amount of positive or negative pressure existing within the treat- 
ment chamber at all times; the main switch on the left which controls the supply 
of current to the control box, and the corresponding switch on the other side 
which controls the current to the electric motor which drives the vacuum-pump. 
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. c im\c!j I,y tins ai)i)aratus liavc shown a rapid improvement in both subjective 
and ol.ject.vc r^Khn^^s. A simpler form of the apparatus is being manufactured 

MnaM'hnspil-,i ‘ the home, office or 


METJIOD OK TKEATi'MENT 

^ i lie patient is i)laccd on a bed or cot, and the extremity to be treated is 
inserted througli a soft rubber cuff into the treatment cliamber (fig. 1) Large 
lyindmvs are so arranged flial tiic color of the foot and leg can be observed at all 
times. A small amount of soap is nibbed on the inside of the glass windows, and 
the glass ]>olisbed with a soft, dry doth, so that moisture will not collect on the 
glass during the treatment. The foot and leg arc then elevated several inches 
above tlie level of the heart. The treatment chamber is connected to the control 
box by means of a thick-walled rubber tube. The two main switches on the control 
jianel arc turned on, and the selector switches set for 80 mm. of mercury negative 
pressure and 20 mm. of mercury positive pressure. The rate of alternation is 
controlled by the knolis just below the main suction dial and main pressure dial on 
the control panel (fig. 3). 

Tile apiiaratus automatically changes the pressure within the treatment chamber 
from the selected ,'imoiitit of negative pressure to the selected amount of positive 
pressure and at the rate of alternation desired. The average rate of one such 
cycle is about fifteen seconds. It has been our experience that in patients with 
high degrees of obliteration the first few treatments should be given with the 
alternation requiring about one half minute for completion of the cycle. As the circu- 
lation improves the rate of alternation is slowh' increased until the entire cycle 
takes place within about fifteen seconds. For patients with extensive obliterative 
vascular disease with impending gangrene of the distal portions of the extremity 
we believe that it is necessary to hospitalize the patient and give four or five treat- 
ments (lasting for twenty minutes each) every day until the circulation of the 
foot shows definite signs of improvement. In our experience, striking changes 
in the circulation become established after two weeks of such intensive treatment. 
For the patient with intermittent claudication as the major complaint two treat- 
ments each day (for twenty minutes each) give satisfactory results in relieving 
them of pain and in restoring the circulation to an adequate level. 


REPORT OF CASES 

Fifty-one patients with organic obliterative arterial disease of one 
or more extremities have received regular and intensive treatment by 
this method. Thirty-two of these patients had a high degree of periph- 
eral (senile) arteriosclerosis without evidence of gangrene; five had 
trophic lesions of one or more toes together with moderately severe 
diabetes mellitus; six had extensive organic arterial disease of the 
thrombo-angiitis obliterans tvpe, and all six had one or more gangrenous 
digits of the hands or feet; four had syphilitic obliterative arteritis_ of 
the endarteritic or of tlie thrombo-arteritic type,'"-'' and four had atypical 
arterial disease of the obliterative type. The clinical diagnosis in a 

13. This apparatus is being manufactured by the Cincinnati Scientific Company, 
224 Main Street, Cincinnati. 
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cases svas conSmed by complete vascular studies belore and alter vaso- 
motor relation under controlled conditions of temperature and linnnd- 
ity. Cases of pme vasomotor disturbances have not been included 


this series. , , , 

Since August 1932. rve have given three thousand, seven hundred 

and sixty-nine treatments by the Pavaex apparatus. Over three thou- 
sand of the treatments have been given to the fifty-one patients \yitli 
organic obliterative arterial disease. Forty-six of the patients required 
treatment for both lower extremities. 


One patient in the group with extensive (seniie) arteriosclerosis was seen in 
consultation with Dr. J. L. Tuechter because of acute arterial thrombosis accom- 
panied by excruciating pain and physical signs of marked ischemia of the right 
foot and leg. Complete vascular studies showed that the occlusion was organic 
and not the result of vasospasm. The patient was treated vigorously for periods 
of twenty minutes five times each day for two weeks, in the meantime being kept 
at complete rest in the hospital. The circulation improved rapidly, and the pain 
disappeared after three days of treatment. .\fteT about five days the toes retained 
the normal pink color between treatments. The patient was able to lie flat in bed 
wifli his lower extremities on the level with his heart after seven days of treat- 
ment. -After leaving the hospital the patient continued to receive treatments at 
irregular intervals, but never more than one week apart, for three months. 
Recently he went hunting, walking for several hours without experiencing real 
discomfort. The severe intermittent claudication which was always present after 
slight exertion before the treatments were given has been completely relieved. 


It is difficult, at present, to express in mathematical terms the bene- 


fits which have been derived from this form of therap}'. The multi- 
plicity of signs and symptoms (discoloration of the toes, subjective 
and objective sensation of cold extremities, aching or burning pains 
in the feet, easy fatigue of the muscles of the extremities, pain in the 
feet while at rest or intermittent claudication) which are directly or 
indirectly the result of organic disease of the peripheral arteries accounts 
in part for this difficulty. A careful analysis of the results obtained 
m the fifty-one patients reported in this work gave us the following 
data; In all the patients who received intensive treatment for two 
weeks or longer there was a definite increase in the surface temperature 
<ii the extremity when observed under controlled conditions of tem- 


IKTaiure (20 C. 168 F.]) and humidity (50 per cent). Forty-four of 
the patients (86.27 per cent) stated that most of the pain dis- 
a]qiearecl after about twenty-five treatments of twent}- minutes each 
extended over a period of about two weeks. Six patients (11 76 per 
cent ) showed only slight symptomatic relief after more than two months 

mfinenced by three months of treatment, and no other cause for the 
xuients pain could he found. Four patients with moderatelv severe 
Uripheral artenosclero.sis who were treated three times a week for 
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eleven weeks stated re])eatedly that definite subjective and objective 
evidence of an increase in the circulation in the extremities remains 
for about forty-eii,dit hours after each treatment. We are not prepared 
to p;ive any information concerning the permanency of this increase in 
the circul.'ition. We arc, liowcvcr, of the opinion that this form of 
treatment .should lie carried out over a period of many months if a 
permanent increase in the circulation is to be established. 

ft is highly important that patients with organic disease of the 
peripheral arteries continue to ])ractice those measures for the general 
care of the feet which have been repeatedly emphasized by Allen - and 
by Keid.’-' 'J'rcatincnt with the Pavaex' unit should supplement the 
methods which experience has shown to be of utmost importance in 
IireveiUing infection from entering into the poorly nourished tissues 
of jiatients with iieriphcral I'ascular diseases. Forthcoming publications 
will give detailed reports concerning the results of treatments with the 
I’avac.v unit in other Apes of obliterative arterial diseases. 

SUUMAnX 

All thera[)y for obliterative vascular diseases should be directed 
primaril}’ toward the establishment of a collateral circulation of suf- 
ficient magnitude to furnish proper nourishment to the distal portions 
of the extremity. 

Rhythmic alternation of the environmental pressure about an extrem- 
ity can be brought aliout automatically by the Pavaex apparatus. 

The Pavaex treatment is essentially a mechanical means of perform- 
ing passive exercises of the vascular system, i. e., passive vascular 
exercises. 

A total of three thousand, seven hundred and sixty-nine treatments 
with the Pavaex unit have been given up to July 1933. Over three 
thousand of the treatments have been gi^"en to the fifty-one patients 
I'eported in this article. 

Calorimetric evidence of an increase in the circulation in the distal 
parts of the extremities occurred in all fifty-one patients of the series, 
yet 13.73 per cent received little or no relief from their symptoms. 

Forty- four patients (86.27 per cent) were greatly benefited by this 
form of therapy. 

We believe that treatment with the Pavaex unit (passive vascular 
exercises) is the most effective means of bringing about the develop- 
ment of an adequate collateral circulation in the extremities of patients 
with extensive organic obliterative arterial disease. 

14. Reid, Mont R. : The General Care of Peripheral Vascular Diseases, Ann. 
Surg'. 96:733, 1932. 
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There is a difference of opinion in this country and in Europe regard- 
ing treatment of otitic sinus thrombosis. Dandy ^ questioned the necessity 
for ligation of the iugular vein or an attempt to remove an infected 
clot. Mygind - reported his results in two groups of patients with otitic 
sinus thrombosis who were treated by different methods. The ftr.st group 
included 98 patients obsen’ed during the period from 1915 to 1922, with 
recovery in 55 per cent. The treatment of these patients was: (1) diag- 
nostic puncture of the infected sinus, (2) removal of the thrombus and 
(3) ligation of the jugular vein. Mygind’s second group of 101 patients 
observed during the years from 1923 to 1930 were treated mor.e con- 
servativel)', and 71 per cent recovered. In 93 of the 101 patients the 
infected mastoid cells were thoroughly opened, but nothing rvas done 
to the sinus or vein: 70 of these 93 patients recovered without further 
surgical measures. On the other band, Portmann ® reported from Bor- 
deaux that cases observed in a five year period showed 100 per cent of 
recoveries. When the clinical symptoms suggest a sinus thrombosis, 
Portmann (1) cleans out the mastoid, (2) ligates the jugular vein, (3) 
removes the clot and (4) obliterates the lumen of the sinus, even when 
the part of the sinus wall exposed at operation looks normal. During 
the past twenty years only 30 patients with otitic sinus thrombosis have 
been treated at the Johns Hopkins Hospital, and an analysis of the 
symptomatology- and end-results in this group dearly shows that each 
patient must be studied as an individual, and that no dogmatic set of 
rules for either diagnosis or treatment is justifiable. The small number 
of cases in our series also illustrates the infrequency of this complication 
m Baltimor e, since an average of 15,000 patients with diseases of the 

From the otolaryngologic service ol the Johns Hopkins Hospital. 

W F i” Practice of Surgery, Hagerstown, 

W . F. Prior Company, Inc., 1932, vol. 12, chap. 1, p. 441. 

ctolmyn'/t6t474?9k’^''"‘"''"' Thrombosis, Acta 

G.: Considerations sur le traitement de pUebites et 
ThUhnes smuso-iugulaircs. Rev. de laryng. 52:523 (Oct. 15) Sll 
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UUriws}Til department of 

In t)ur series of 30 ])atients with proved thrombosis of the lateral or 
sigmoid Slims, 66 jier cent recovered. More than half of the group (16) 
were cliildren under 14 years of age. The 3 -oungest patient was an 
infant, aged 1 j-ear, and the oldest was 64. There was a history of acute 
otitis media in every jiatient. In the majority the onset of symptoms 
lieg.ui with an earache two or three weeks before admission to the hos- 
jiital. In 9 patients, however, a clironic suppurating otitis media had 
been piesent foi several \’ears, and a cholesteatomatous formation was 


probably resimnsible for the complications. A simple mastoid operation 
on 3 of the patients had failed to stojj the purulent discharge from the 
ear, and it is possible that a more radical operation when the cholestea- 


toma first a])pearcd would have prevented the infection of the sigmoid 
sinus. Wc feel that as a general rule a cholesteatoma should be treated 
radical!}', but the destruction of useful hearing in an attempt to cure 
a chronic discharging ear and thus prevent possible complications is not 
justifiable. In the great majority of our patients the sinus thrombosis 
was a complication of acute otitis media and mastoiditis. In 4 cases 
there is a note in the history stating that a definite cholesteatoma was 
present in the mastoid; 3 of the patients were adults over 33 3 rears of 
age, and one was a child, aged 3 3 ''ears. 

For diagnostic purposes the following points should be noted: 

1. A septic temperature was present in only 20 of our 30 cases. In 
a patient who recovered the temperature varied from 97 to 107.2 F. 
before operation. In several patients who recovered with no complica- 
tions the temperature remained septic for as long as a Aveek, and chills 
continued from tAvo to five days after the operation on the mastoid, the 
excision of a portion of the sinus Avail overl3dng the thrombus to provide 
drainage, partial removal of the thrombus and ligation of the jugular 


A-^ein. 1 

2. Shaking chills or chill}' sensations were observed in 15, or 50 per 
cent, of our 30 patients. It is worthy of note: (1) that 7 (44 per cent) 
of the 16 children under 14 years of age had chills and (2) that 13 
(87 per cent) of the 15 patients Avho had chills completely recovered, 
Avhile only 7 (47 per cent) of the 15 patients who did not have chills 
recovered. This indicates that chills in a general septicemia may be a 
favorable prognostic s}anptom. 

3. A positive blood culture is of decisive diagnostic value, but a nega- 
tive culture does not rule out a sinus thrombosis. In our series blood was 
taken on admission from an arm vein in 21 patients. A culture gave 
no growth in 12 cases and positive results in 9. Postoperatn^e Wood 
cultures were made in 23 cases and Avere positive in 12. The hemolytic 
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suggest that the constitutional symptoms (chills anti septic tempera tu c) 
mf, ta some instances he due to absorption of toxins, and that tile 
operative manipulations may disseminate organisms Irom the original 


focus. 

4. The eyegrounds were examined in 26 patients. Xo change was 
noted in 9 patients, and a fulness of the veins in 5. but dehnite changes, 
varying from a haziness of the outlines of the nasal margin of the disk 
^^•ith distended veins to a swelling of 4 diopters, were found in 12 
patients. The choked disk was limited to the side with the infected car 
in 2 patients and was bilateral in 10, The changes in the fundus when 
bilateral are probably due to increased intracranial pressure and when 
unilateral to an extension of the infection through one or Ijoth of the 
petrosa! sinuses to the cavernous sinus. The presence of either a bilateral 
or a unilateral choked disk is not necessarily a serious sign, since 4 of 
our patients with bilateral choking and 1 with unilateral choking 
recovered after the infection in the mastoid and in the sinus was drained. 


5. A lumbar puncture for diagnostic purposes was limited as far as 
possible to patients with clinical signs of meningitis. The use of lumbar 
puncture and pressure on the jugular veins to locate the site of the 
thrombosis is associated with a certain amount of risk of a meningeal 
infection in patients with general septicemia. In our series of 30 patients 
only 12 had a lumbar puncture. In 5 the spinal fluid was normal; in 1 
there was an increased cellular content with no increase of pressure, and 
3 patients had purulent meningitis when admitted to the hospital. 


REPORT OF C.\SES 

short resume of the history and examination of each patient fol- 
lows, and for convenience the cases are divided into three groups. 

Group I comprises 2 patients with chronic suppurative otitis media who bad 

uudersone an operation on the mastoid several years prior to the present illness 
(cases 1 and 2) . 


C.SSE 1. In 1926, L. D., aged 46, had a radical mastoidectomy because of a 
chronic discharge in the right ear and the formation of a cholesteatoma The dis- 
charge continued without general symptoms until Feb. 2, 1930, when the patient 
suddenly felt a severe pain in the right ear and the right side of the face- ethmoidal 

I cbrmip 8 she had a severe chill with delirium which lasted one-half hour Or 

except for a b^la erai ethio d V F negative results 

lateral ethmoid miection and a purulent discharge in the ri-hl 
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a ditory canal. J he wlnlc hlood cells nunibcrcd 9,800; hemoglobin was 84 per cent 
mo A cuKnrc on hci.rnary II showed 8 colonics of hemolytic streptococci per cubic’ 
CL I muter, and tlmec days later 20 colonies per cubic centimeter. The mastoid was 
I ned on hehruary 15, and tlic lateral sinus was exposed. The sinus was thick- 
ened and grayish white. Ihe sinus was opened, and a suppurating thrombus was 
■ emoved. 1 he internal jugular and anterior facial veins were ligated. Trans- 
tusions were given; an infected thrombus of the internal saphenous vein, which 
suiipuratcd, developed ; later pneumonia developed. Convalescence was prolonged, 
but cvcutunlly tlic p/itioiit couiplctcly recovered. 

Cask 2. M. B., aged 17, was treated nine years previously for chronic tuber- 
culous infiltr.-ition of the lungs, and eight years previously had a simple right 
mastoidectomy. Tlie patient contiiwcd to have intermittent attacks of right otalgia 
and otorrhea. ^ The illness in ciucstion began two days before admission, with 
pain in the right ear and chills. The severe pain continued, but the discharge 
from the car became less. The patient was admitted to the hospital on Oct. 3, 
1927. Physical c.\amination gave negative results except for a subperiosteal 
abscess of the right mastoid. The eyegrounds were normal except for fulness of 
tiic veins. The temperature rose to 107.4 F. The white blood cells numbered 
16,400, and blood cultures taken on October 3 and 5 were sterile. The abscess 
was drained on October 3, but the septic temperature continued, and two days later 
the lateral sinus was exposed. A perisinuous abscess was found, and the lateral 
sinus was thrombosed. The sinus was opened, and the thrombus removed, but 
the jugular vein was not ligated. The patient made an uneventful recovery. 

Group II comprises 6 patients referred to this hospital with evidence of septi- 
cemia following a simple mastoid operation (case 3 to 8). 

Case 3. — In D. M., aged 10 years, following acute tonsillitis acute right otitis 
media and mastoiditis developed; simple mastoidectomy was done at his home in 
North Carolina on May S, 1928, and he was kept under observation in the hospital 
until the ninth day. Six days later he became drowsy. The temperature 
was 104 F. The white blood cells numbered 6,000, and malarial parasites were 
found in the blood, but there was no improvement with quinine therapy. On May 
22, a blood culture showed hemolytic streptococci, and on the following day the 
patient w'as given a transfusion of SOO cc. of blood. The child was admitted to 
the Johns Hopkins Hospital on May 28. Physical examination gave negative 
results. The white blood cells numbered 13,900. The temperature was 104 F. 
The blood cultures which were taken on May 28 grew hemolytic streptococci. The 
right mastoid was reopened and the lateral sinus exposed. Pus was found around 
the jugular bulb; the sinus wall was incised, and the thrombus removed. The 
internal jugular vein was found collapsed and was ligated. The patient was given 
transfusions and made an uneventful recovery. 

4 . In D. C, aged 4 years, bilateral acute otitis media developed on April 

1 1928. The drums were incised, and the ears discharged profusely, but the patient 
did not improve. On April 28 at the local hospital a bilateral simple mastoidectomy 
was done, but the temperature continued to fluctuate between 99 and 106 F and 
there were chilly sensations. On May 8 a blood culture was sterile, and the 
patient was given a transfusion of SOO cc. of blood. When admitted to this hospital, 
on May 11, he was irritable. The physical examination gave negative results 
The temperature was 102.2 F. The white blood cells numbered 17,500. _ There 
were a purulent discharge in the auditory canals and a slight disdiarge m both 
mastoid wounds. A culture of the blood grew hemolytic streptococci. The patient 
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patient ^vas given transfusions, and on ^laj 24 a culture - 

Monies of hemolvtic streptococci per cubic centimeter. An abscess ot luc n p 
developed and rvas incised, rvhich shorved Staphylococcus aureus. The patient 

improved and was discharged well. , 

Case 5-J. V., aged 3 vears, on April 21, 1924, suddenly felt pain in the right 
ear The drum was incised and the ear discharged, but fever continued, and pain 
developed behind the right ear. On May 18 a simple mastoidectomy on the right 
was done, and the child improved slightly for four days. The temperature gradually 
became elevated, and the patient became delirious. ^Iercuroch^ome was gnen 
intravenously. The temperature became intermittently high and three days beiorc 
admission a swelling of the right groin developed. The patient was admitted to the 
hospital very ill and irritable, with poor color; the eyegrounds showed choked disks . 
the liver was enlarged, and there was an abscess of the left hip and the right ankle. 
The white blood cells numbered 13,300. The hemoglobin was 48 per cent. The tem- 
perature was 103.2 F. A blood culture was sterile. The mastoid was reopened on 
May 31, and the lateral sinus was exposed and incised, but no thrombus was demon- 
strable. The internal jugular vein was ligated, and the left drum was incised, w-ith 
a liberation of pus. The left hip and right ankle were opened and drained. The 
child remained in a poor condition with a septic temperature. Transfusions were 
given. A culture of the blood on June 2 was sterile. The patient died on the 
fourth day'. Autopsy revealed a thrombosis of the right lateral sinus. 

C.tsE 6. — V. G., aged 4 years, had a sore throat on May 5, 1928, and pain in 
the left ear one week later. The drum rvas not incised, and swelling and redness 
of the left mastoid region were noted on May 16. Pain and moderate fever con- 
tinued, and simple mastoidectomy on the left was done on May 20, with some 
improvement for two days. On May 26 a septic temperature developed, and the child 
was admitted to this hospital, ill and weak, with bilateral choked disks, a positive 
Rcrnig sign and a mastoid wound filled with granulations. The temperature was 
105.4 F. The white blood cells numbered 18,200. The blood culture taken on 
May 26 showed 30 colonies of hemolytic streptococci per cubic centimeter. The 
mastoid was reopened on the day of admission. The sinus was exposed, incised 
and found to be thrombosed from above the knee to beyond the subclavian. The 
thrombus was entirely removed at the upper end, but the lower limit could not be 
reached. The child grew progressively worse in spite of transfusions. On May 
2 / a blood culture grew 3,200 colonies of hemolytic streptococci ; on ;May 28, 240 
colonics; May 29, 6,000 colonies, and on May 30. 400 colonies; in the last instance 
the blood was taken immediately following a transfusion. The spinal fluid was 
cle.ar, with no increase of cells or pressure. Pneumonia developed, and the patient 
Oicu on lune 1, 192:?. 

Case 7.— M. D., aged 254 years, three weeks before admission had influenza 
ami ton.Mllms. lollowed by pain and discharge in the left ear. Two weeks after 

nwFnv’r-f ^ performed on the left, and after the operation the 

S W A red. swollen area developed on the calf of the 

rotation ^ T1 swollen and tender with fixation and internal 

■ • ’e patient was admitted to this hospital on ilarch '?4 1933 ;n anrl r 
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.-incl llic left thigh was swollen with adduction and internal rotation of the left hip 
J he ten.iierature was 102.2 F. The white hlood ceils numhered 25,000 The left 

-trti)tK.occi 1 he mastoid was reopened on March 20, the lateral sinus was 
c.xposed and incised, and a partial thrombus was removed; the internal jugular 
Vcw was ligated and cut. The patient grew progressively worse. A blood culture 
on Apri „ grew hemolytic streptococci; the spinal fluid showed evidence of menin- 
gitis and on culture grew hemolytic streptococci. The patient died on April 3. 

Cask S. h... ft., aged 18, had a simple mastoid operation on the right in 1928, 
and since then had had an intermittent discharge from the ear. Four weeks before 
admission a cold in the head and sore throat with delirium and pain and discharge 
in tiic right ear developed. She had an oscillating temperature, and the mastoid 
was ojxmed on March 19, 195J. Chills and a septic temperature developed, and 
the mastoid was reopened on March 25; the lateral sinus was reported to look 
normal. \\ hen admitted to the Johns Jdopkins Hospital on April 1, the patient 
was sick, thin and undernourished; the skin was dry. Physical examination gave 
negative results. The temperature was 103 F. The white blood cell count was 
5,800; the hemoglobin, 75 per cent. The right mastoid w'as reopened on April 4, 
and the lateral sinus was exposed, incised and found thrombosed. The thrombus 
was removed and the internal jugular vein ligated. This girl had a long con- 
valescence, and was given several transfusions. Repeated blood cultures were 
sterile. 

Group III is composed of 22 patients who w'ere admitted w'ith acute mastoiditis. 
Subgroup 1 comprises 6 of these patients, whose treatment consisted of a simple 
mastoidectomy (cases 9 to 14). * 

Case 9. — In B. W., aged 7 years, a sore throat developed four w'eeks before 
admission, and three days later pain in the right ear. The right drum was incised. 
Earache developed on the left side three da^-^s later, and the left drum was incised. 
The pain in the left car persisted, and the discharge was much thicker than that 
from the right ear. Ten days before admission the child bad pain over the left 
eye and temple and below the left ear, and two days before admission swelling and 
tenderness of the left mastoid were evident. The child was admitted on Feb. 27, 
1932, not acutely ill. Physical examination gave negative results. There was a 
purulent discharge in the left auditory canal wdth swelling and redness of the left 
mastoid. A slight mucopurulent discharge was seen in the right auditory canal. 
The temperature was 100 F. The white blood cells numbered 14,900. The hemo- 
globin was 83 per cent. A blood culture was sterile. The left mastoid was 
opened and found to be filled with pus and granulations, and a large perisinuous 
abscess was found walled off by granulations. The lateral sinus was thrombosed, 
but it wss not incised. The child msde 3.n uneventful recovery. 


10. M. H., aged 25, was admitted unconscious, with a fracture of the 

skull and bleeding from the nose and ear. A subtemporal decompression was done 
on January 26, and nine days later a bloody purulent discharge from the right ear 
developed, followed in two days by swelling and tenderness of the right mastoid. 
A simple mastoidectomy on the right was done on February 6, and the lateral sinus 
was accidentally opened; it bled profusely, and was packed. On February 10 and 
February 17, blood cultures grew hemolytic streptococci. Spinal puncture revealed 
a clear spinal fluid. The patient died on February IS, and autopsy showed an 
infected thrombus of the lateral sinus, septicemia and multiple pulmonary emboli 
and abscesses. 
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Case ll.-W. G., aged 3 years, had acute pain in the 
before admission. The drum was incised, and the ear d,scharged__.__two davs later 


The iiaticnt was 

levelopeo m rroiu e>i .um - > 

admitted on Feb. 28, 1933. Physical examination gave negative results except t 


a swelling developed in front of and behind the right ear. 


edema and swelling above and anterior and posterior to the right ear. ">t>i 'r - 
jection of the auricle; the right auditory canal was filled with pus. and there 
were a pulsating perforation of the drum, large glands at tic ang c o le j*i\\ 

and subacute tonsillitis. The temperature was 101 F, The white ) oo( ^ 

bered 17,300. The subperiosteal abscess was incised and drained on March 3. ami 
the mastoid was opened on Jvlarch 10. The mastoid was filled with pus, grniin a 
tions and necrotic bone, and on culture pneuniococcns type III was grown. -■ 
large perisinuous abscess under pressure was found, and the lateral sinus was 
thrombosed but not opened. The patient made an uneventful recovery. 

Case 12.~B. M., aged 54, was seen in the dispensary on June 23, 1915. with a 
complaint of pain in the right temporal, mastoid and occipital regions of five wcek.s 
duration. The right drum was incised, and pus was obtained. The patient had 
a chronic infection of the right frontal sinus, cthmoids and antrum, perforation of 
the palate and loss of the greater part of the septum. The symiitoms continued, 
and the patient was admitted on July 6. The ethmoid cells and the right antrum 
were opened on July 8, and the mastoid was opened on July 13. The nia.stoid was 
dense and hard and contained a few small infected cells ; the mastoid antrum was 
filled with pus and granulations. On admission examination revealed nothing except 
the changes already noted. The w'hite blood cells numbered 7,500. The Wassermann 
reaction was negative, and examination of the spinal fluid and of a blood culture 
gave negative results. Following operation the temperature remained elevated; the 
spinal fluid was normal, and the eyegrounds revealed a choked disk on the right. 
The patient became irrational and died on August 2. Autopsy revealed necrosis 
of the right temporal bone and thrombosis of the right sigmoid and lateral sinuses. 
Case 13. — B. W., aged 64, had acute left otitis media eighteen years previous 
to admission which cleared up with no further trouble. Headaches developed four 
months previous to admission, and one month later pain in the left side of the 
bead, fever and delirium were manifest. The patient was unconscious for two 
days. He then had an irregular fever, and weakness of the left arm was evident. 
Five weeks later he had a second attack with w'eakness and unsteadiness of gait, 
which increased ; the left ear began to discharge. Five W'eeks before admission 
le noticed dimness of vision ; he became irritable and emotionally unstable and lost 
45 pounds (20.4 Kg.). He w^as admitted to the hospital on Aug. 7, 1924. Physical 
e.xaminanon revealed a slight serous discharge in the left ear, moderate choking 
of the disks, a small hemorrhage in the left fundus and loss of the right corneal 
reflex; station and gait were unsteady, and true ataxia and weakness of the left arm 
Romberg sign was positive. The white blood cells numbered 
I . A cerebellar abscess was found and evacuated ; on culture it grew Staphylo- 
eoccus aureus. A radical operation was done on the left mastoid on October 1, and 
laioTiT ' ^ad eroded into the posterior fossa was found ; the 

time In, r' ^I'^o^bosed, but it was not opened. The patient improved for a 

"me, but pneumonia developed, and he died. 

1cft^car"o.i'FS‘ S’t Vh'"’'"’ Pain in the 

Ind -> 1 ,; u f discharge from the ear. The patient 

Punc'uircf Jn 

a dull 1 • , ^ ^ J-Iarch 9 and again on lilarch 12, but the patient had 

.2 ,va, .d„i„ed 
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i a l1i 13. I In-Mca! examination gave negative results, except for bulging drums 
witli a .serous fliscliarge fro/n Die left canal, marked tenderness of the left 
ma.sloid, bilateral choked disks and full veins and dilatation of the cutaneous veins 
over the forehead. 'J he wliilc blood cells tiumbercd 19,800. The hemoglobin was 
60 per cent. A blood culture was sterile, and the spinal fluid was clear, with a 
slight increase of pressure. The left mastoid was opened on March 14. The cells 
aroinid tlie antrum were filled n-ith granulations ; the lateral sinus was incised and 
drained. The (latient improved slowlj- and was discharged on April 3. 

Subgroup 2 is cnniiioscd of 7 patients whose treatment consisted of a simple 
mastoidectomy and ligation of the jugular vein (cases IS to 21). 

Cask 15. L. P., aged *1 years, had measles two weeks Ijefore admission, and 
ciglit days later iiain in the left car, but no discharge. A swelling developed 
behind tlic left ear two days before admission to this liospital, April 8, 1931. Exam- 
ination disclosed a sick girl with acute follicular tonsillitis, a serous discharge in 
the left car, a liloody discliargc in the right ear and bilateral postaural swelling; 
the eyegrounds were normal. The temperature was 104 F. The white blood cells 
numbered 31,200. On April 9, incision and drainage of the subperiosteal abscesses 
were done. A blood culture was sterile. On April 12, a bilateral mastoidectomy 
was done, and pus and granulations were found in the mastoids. On the left side 
a small perforation of the sinus plate and a large perisinuous abscess were found; 
tlie sinus wall was collapsed and filled with pus. The thrombus was removed 
superiorly from the sinus, and the internal jugular vein was ligated. The tem- 
perature fell gradually to normal. The patient was given transfusions and had an 
uneventful recovery. 


Case 16. — R. 13., aged 54, had influenza with nausea and vomiting three weeks 
before admission; these were followed by a severe jumping pain in the left ear 
and severe headache. The left drum was incised and discharged, and on April 10, 
1917, edema of the wall of the canal was noted, and he was admitted to the 
hospital on April 12. Physical examination gave negative results ; the eyegrounds 
were normal, and there were discharge in the left auditory canal and edema of 
the posterior wall of the canal. The temperature was 102 F. The white blood 
cells numbered 12,600. The spinal fluid was clear, and the pressure was increased, 
A blood culture grew nonhemolytic streptococci, 10 colonies per cubic centimeter. 
The patient had a chill on April 14, and the mastoid was opened and found to 
be filled with thin, stickj'^ pus and necrotic bone. The sinus plate was necrotic, 
and a perisinuous abscess was found. The lateral sinus was incised and bled 
freely. A mural thrombus was present, and the left internal jugular vein was 
ligated. The patient made an uneventful recovery, but nonhemolytic streptococci 
were grown in a blood culture on April 13 (2 colonies) and again on April 24. 

Case 17.— C. C., aged 40, had pain in the right ear four weeks before admis- 
sion, and the ear discharged pus two days later. Two weeks before admission she 
had marked nausea, felt hot and chilly at times and complained of a dull, throbbing 
headache of the right temporal and occipital regions. Following this she began 
to have dimness of vision, and her friends noted a drooping of the right_ upper 
eyelid. She was admitted to the hospital on Jan. 8, 1932. Physical examination 
gave negrative results except for a puruJent discharg'c hj the rigfht ear, a fu rum 
with a small posterior pulsating perforation, eyegrounds which showed marked 
bilateral papilledema, with a few punctate hemorrhages and an exudate 
disks, and drooping of the right upper eyelid. The temperature was 102 F. Ihe 
white blood cells numbered 15,000. A blood culture grew 1 colony of hemo yfi 
streptococci from 2 cc. of blood. The right mastoid, which was opened on Febru- 
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17 showed evidence of slight infection; n persmuous abscess vyas found around 
ary 12, showed eMoencL oi « p-ranulations. The sinus was incised, 

S tn 1 colon; per cubic centimeter. The ptosis of the right eyelid cleared up. 
and the papilledema subsided. 

Ca.e 18-B F., aged 7 vears, had had occasional attacks of otorrhea alter 
typhoid fever three years previously, and during the past winter had several attacks 
of earache with a foul discharge from the ear. On Jan. 6, 1918, pain and discharge 
developed in the left ear; the patient had chills and fever daily and at night became 
delirious. He had a chill on January 11 and was admitted to the hospital on 
January 12. The temperature was 100.2 F. The left auditory canal was filled with 
a fouk'purulent discharge. There were swelling and marked tenderness of the left 
mastoid and fulness and tenderness along the left internal jugular vein. The head 
rotated to the right ; the muscles of the neck were spastic and the Kcniig sign was 
positive. The patient was drowsy. The white blood cells numbered 26,200. A 
blood culture was sterile. Spinal puncture revealed a clear fluid, with a normal 
pressure and 20 cells. The left mastoid was opened on January 12 and found 
extensively involved; all of the bone was necrotic. A perisinuous abscess was 
found, and the wall of the sinus was nowhere intact. The lumen was filled with 
pus. An e.xtradural abscess was found posterior to the sinus, and 1 ounce (31.1 cc.) 
of pus was evacuated. The jugular vein was found thrombosed almost to the 
clavicle and was ligated as low as possible; the thrombus was removed from the 
vein and the sinus. The temperature gradually fell to normal, and the patient was 
discharged well. 


Case 19, — B. W., aged 19, who was eight months pregnant, had an acute ton- 
sillitis six weeks before admission, with pain in the right ear one week later. The 
drum ruptured spontaneously several days later, but the pain persisted, and she 
had a chill three days before admission and another on the day before admission. 
She was admitted to the hospital on Oct, 22, 1913. The temperature was 98 F. 
A physical examination gave negative results. There was no discharge in the 
right auditory canal. There were a small perforation of the drum, tenderness of 
the right mastoid and slight injection of the tonsils and pharynx. A blood culture 
grew hemolytic streptococci. The mastoid, which was opened on Oct. 23, 1913, 
was found to be infected ; a perisinuous abscess was located. The lateral sinus was 
incised, and the thrombus was removed. The internal jugular vein was ligated and 
divided. The patient had an uneventful recovery. The child was delivered on 
the third day after operation, but died within seven hours. It is interesting to 
note that hemolytic streptococci were isolated from the placental and fetal '"cir- 
culation. 


Case 20.— J. C., aged 15, had a cold in the head followed on Feb. 26, 1933, by 
pain m the right ear. The pain became more severe, and the drum was incised on 
•March there way a profuse pulsating discharge. Pain then developed in the 

^ p/'^- '’i' admitted to the hospital on 

- arch 6 Physical examination gave negative results. There were a profuse 
11 ilsatmg discferge m tlie right auditory canal and tenderness of the right mastS 
and sternocleidomastoid muscle. The white blood cells numbered 11 500 A 

.'wcrf, ,,4”TS 
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\\"is incised, tlic tiironiljiis removed and 
piitieiil line! an uneventful recover}'. 


tlic internal jugular vein ligated. 


The 


A.SJ-. . II . C, aged 10 3'cars, ten days before admission a sore throat and 
acute right otitis media developed with nausea, vomiting and prostration. The 
liaticnl became nnicli worse and two days before admission had chills, fever, 

delirium and a severe rigor. She was admitted to the hospital on May 28, 1925.' 

I he tcnipcraturc was 104 F. The patient was e.xtremely sick and had a discharge 
in tlic right ear. The wliite blood cells numbered 7,000. A blood culture showed 

hemolytic streptococci. The right mastoid was opened on June 1, but it was not 

infected. The lateral sinus was c.xposcd and incised; an infected thrombus was 
removed and the jugular vein ligated. The patient had a succession of metastatic 
abscesses in spite of transfusions, and she became thin and emaciated. Blood cul- 
tures on July 20 grew hemolytic streptococci. The patient died. 

Subgroup 3 is composed of 9 patients who had a simple mastoidectomy fol- 
lowed by jugular ligation a few days later (cases 22 to 30). 


Case 22. — L. D., aged 8 years, had pain and discharge from the left ear five days 
lieforc admission and on the following day pain and discharge from the right ear. 
The pain was more severe and the discharge more profuse from the left ear. He 
was admitted to the hospital on June 10, 1931, quite sick, with discharging 
ears. T!ic white blood cells numbered 19,400. A blood culture was sterile, Mastoi- 
dcctomy on the left was performed on June 13; the mastoid was infected, and the 
sinus plate was necrotic. A perisinuous abscess was found; the wall of the sinus 
was thickened. The temperature fell to normal following the operation, but at 
midnight June 14 it rose to 105.4 F. The blood culture remained sterile, and on 
June 15 the left infernal jugular vein was ligated. The temperature gradually 
became normal, and the patient made an uneventful recovery. 

Case 23. — J, L., aged 12 years, had a right earache on April 12, 1929, and the 
following day the temperature was 105 F. ; the drum was incised, and a thin, 
watery discharge was obtained. On April 22 the temperature was 105 F. ; the 
child became mildlj' delirious and had a chill, but on the next day the temperature 
was normal. The patient was admitted to the hospital on April 24. Examination 
gave negative results. The temperature was 102 F. The white blood cells num- 
bered 18,000. The blood culture was sterile. A serous discharge was present in 
the right ear, but there was no definite evidence of mastoid involvement. On 
April 27, the child had a chill, and the next day the temperature suddenly rose 
to 104 F. and fell to normal. Mastoidectomy was done on April 29. The mastoid 
cells were extensively diseased, especially in the Z3'gomatic region and in the 
sinodural angle, but the lateral sinus was not exposed. Following this operation, 
the temperature remained normal for two da 3 'S, and the blood culture was sterile , 
then a septic temperature with chills developed. On May 5, a blood culture grew 
hemolytic streptococci. The right internal jugular vein was ligated, and the lateral 
sinus was exposed ; a thrombus was found in the jugular bulb. Tenderness of the 
sternoclavicular joint developed, which subsided. Otherwise the convalescence was 


normal. 

Case 24. R. T., aged 14 years, had measles three weeks before admission and 

two weeks later a pain in the right ear with rupture of the drum and a profuse 
discharge. The earache became worse, the discharge continued, and the day before 
admission he had pain in the left ear. He was admitted to the hospital on May 4 
1931. The temperature was 103.2 F. The right mastoid was acutely tender, ana 
there was a profuse, pulsating, mucopurulent discharge in the right auditory canal. 
The left drum was red and bulged. The white blood cells numbered 16, OW. 
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cocci per cubic centimeter. The mastoid was reopened, hut the sinus wa. 
toXed On the foUowin. day, the patient had a chill and 
was elevated. On ilav 9, the left mastoid was opened and found to be filed w tt 
pus and granulations ; the left lateral sinus was normal. The right internal jugular 
vein was ligated. The temperatvire fell to normal but suddenly rose to lOa.b . 
on May 12. The blood cultures on ^.lay 18 and 28 were sterile. Bronchopneu- 
monia developed. Convalescence was long, but the patient finally recovered. 

Case 25.— J. S., aged 38, had an intermittent discharge from the right car from 
childhood, and three months before admission a cold in the head and a more 
profuse and constant discharge from the right ear developed. The hearing m the 
right ear became progressively worse, and three days before admission pain dc\ el- 
oped in the region of the right mastoid and over the right side of the head. The 
patient was admitted to the hospital on April 2, 191/, The temperature was 
100 F. General examination gave negative results. There were a purulent dis- 
charge in the right auditory canal and tenderness of the right mastoid. The white 
blood cells numbered 10,400. The mastoid was opened on April 3. A small per- 
foration of the cortex which led to the lateral sinus was found; the cells were 
filled with thin pus, and the lateral sinus looked normal. The temperature fell to 
normal following the operation, but suddenly rose on April 8 to 103.6 F., and the 
blood culture grew 15 colonies of hemolytic streptococci per cubic centimeter. 
On April 9 the right internal jugular vein was ligated, and the lateral sinus was 
incised and bled freely. The blood culture on April 16 was sterile. A gluteal 
abscess developed which was incised and which on culture grew Staphylococcus 
albus. On April 24, a blood culture grew 2 colonies of nonhemolytic streptococci 
per cubic centimeter. The temperature fluctuated daily for two weeks. The patient 
was discharged well 

C.tsE 26. — E. H., aged 33, bad a discharge and severe pain in the left ear of 
three months duration, but no tinnitus or vertigo. She was admitted on Oct. 5, 
1921. The temperature was 98 F. Physical examination gave negative results. 
There was a purulent discharge in the left ear, and the left drum was destroyed. 
With granulations in the middle ear. The white blood cells numbered 8,200. On 
October 6, the left mastoid was opened ; the bone was densely hard, with no cells, 
and the antrum was filled with a cholesteatoma. The dura and the lateral sinus 
appeared to be normal. Following the operation the temperature remained normal 
t'vu on October 15 and 16 the patient had chills, with marked elevations of tem- 
perature. The white blood cells numbered 8,700. A blood culture grew nonhemo- 
>iic streptococci. ^ Spinal puncture showed a clear fluid under normal pressure. 

1 C e t internal jugular vein was ligated, and a thrombus was removed from the 
acral sinus The temperature remained elevated, and the patient became delirious 

h projectile vomiting. A lumbar puncture on October 19 showed 16 cells and 

C.isE 2/.— S. S., aged 14 years, had chronic otitis media on the ri<rht of 
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. onst.patioii and voniiting. He was admitted on May 26, 1930, very sick, and 
V itl Jns face Onsl.cd. llic temperature was 104.8 F. There was a thick, purulent 
c ischarge in the auditory canals, swelling and tenderness of the left mastoid and 
hilatcral papilledema. The while cell count was 20,800. A blood culture was 
sterile. On May 28, he had a subtemporal decompression and received an injection 
of air. 1 lie fluid was found to he under pressure, but otherwise was normal. On 
Maj- 30, mastoidectomy was done on the left side; all of the cells were filled with 
a thick mucoid discharge, and the sinus plate was necrotic, with a large exposure 
of the sinu.s and a perisinuous abscess. The temperature remained low, but suddenly 
rose to lOS.d F. on June 1 , on the next day the left internal jugttlsr vein was 
ligated; the lateral sinus was inci.scd, and the thrombus was removed. The tem- 
perature fell to normal in a week; the blood culture was sterile, and the patient 
had an uneventful convalescence. 


C.vsi- 28.— L. L., aged 9 years, felt pain in the left ear on Feb. 8, 1924. The 
pain became progressively worse and the drum ruptured. The following week 
she was ill; the temperature was elevated irregularly, and there were loss of appetite 
and occasional vomiting. She became definitely more drowsy four days before 
admission ; the temperature rose steadily and she was delirious at times. She was 
admitted on February 29. The temperature was 104 F. She ivas very ill, drowsy 
and weak. The left drum was injected and bulging; the mastoid was tender. There 
were bilateral choked disks and ankle clonus. The Kernig sign was positive on 
the right. A blood culture grew heniol}'tic streptococci, 70 colonies per cubic 
centimeter. A spinal puncture yielded a slightly turbid fluid under increased 
pressure and containing 750 cells. The white cells numbered 11,000. The left 
mastoid was opened on March 1, and a large area of the dura, which was more 
tense than normal, was e.xposed. The lateral sinus appeared to be normal. Lumbar 
puncture gave a cloudy fluid which contained 300 cells. The patient’s condition 
remained unchanged. A blood culture on March 4 grew hemolytic streptococci, 
IS colonies per cubic centimeter. The left internal jugular vein was ligated; the 
sinus, w'hich w'as incised, bled freely. The temperature continued to fluctuate daily, 
and a blood culture on March 8 grew 60 colonies of hemolytic streptococci. The 
patient’s condition grew progressively worse, and she died. 

Case 29. — O. E., aged 1 year, was seen in the dispensary on April 19, 1915, 
with bilateral otitis media. The drums were incised. The condition in the right 
ear subsided, but the left ear continued to discharge. The child was admitted on 
May 14. The temperature was 103 F. There was a mucopurulent discharge in 
the left auditory canal, with a swelling above and behind the left ear. The white 
blood cells numbered 17,000. A blood culture was sterile. Mastoidectomy was 
performed on May 15, and free pus was found in all of the cells; the bone was 
necrotic, but the lateral sinus appeared to be normal. The child's condition 
improved; the temperature gradually fell to normal, but on May 21 it suddenly 
rose to 105 F. The white cells numbered 12,000. A blood culture was sterile 
On May 22 the left mastoid was reopened; the sinus was incised an 
bled freely. The temperature gradually fell until May 27, when it began to rise 
daily, with fluctuation. On June 6, the blood culture grew numerous colonies ot 
streptococci, and on the following day the lateral sinus and interna ^ 

were exposed and found to be thrombosed from the torcular herophili to beyond 
the clavicle; the thrombus was removed as far as possible, and the vein «a 
ligated. The patient recovered. 

Case 30.— D. T., aged 3 years, had chronic left otitis media, and was in a 
sanatorium for mediastinal tuberculosis. On Nov. 26, 1932, a pain in the c t ear 
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.vkh fever developed, and the paltent did not eat svcU. She wa. -Innltcd on 
N^elber V The temperature was 103.2 F. There was a oul serous discharge 
b the left auditory canal; the drum had been destroyed, and debris and S'-'"'™ ‘ ' 
tions were present in the middle ear. There was tenderness of the Im mastoid. 
The white blood cells numbered 31,600. The eyegrounds were normal On Nor em- 
ber 28 a subperiosteal abscess was incised, and a foul serous discharge .. 
obtained. The temperature fell to normal, but rose to lOa.4 F. on Dccemlier . 
A blood culture was sterile. The left mastoid, which was opened on December 1, 
was found to be filled with foul, pulsating, dirty pus. A perforation of the cortex 
and a cholesteatoma in the antrum were found. The lateral smus was entirely 
an abscess cavity. Blood cultures taken on December 2 and 3 were sterile, but 
others made on December S grew hemolytic streptococci. The temperature became 
elevated on December 5. The internal jugular vein was ligated, and the lateral 
sinus was cleaned until bleeding ensued. In spite of transfusions, pneumonia de\ el- 
oped, and the patient died. Autopsy revealed infected infarcts and abscesses of 
the upper and lower lobes of both lungs and empyema of the left lung. 


TREATMENT 


In the treatment of lateral sinus thrombosis oo hard and fast rvde 
can be established to govenr every case. Each patient requires individual 
study, and the aim of the surgeon should be to make the diagnosis as 
accurately as possible and to institute such surgical therapy as is 
indicated. 

In the Johns Hopkins Hospital the surgical treatment of sinus throm- 
bosis varies with the severity of the clinical symptoms. A simple mas- 
toidectomy is performed on all of the patients. A radical operation is 
performed on the mastoid only if hearing is markedly impaired owing 
to an extensive suppuration of the middle ear or to cholesteatoma. If 
there is clinical evidence of septicemia, a portion of the lateral and 
sigmoid sinus is exposed for direct inspection, and as a rule, the sinus 
IS opened, the clot removed, and the jugular vein ligated. In the absence 
of clinical evidence of septicemia it is advisable to establish drainage 
and to wait rather than to make an exploratory incision or puncture 
of the sinus through an infected field. In the great majoritv of our 
patients, however, the clinical symptoms and the subsequent course seem 
to justify early ligation of the jugular vein. 

In 21 patients with proved sinus thrombosis only a simple mastoidec- 
tomy was performed at the first operation; 


1. In 9 of these patients the continued septic temperature and other 
climcal evidences of a spreading infection necessitated a second operation 
at which the smus was opened, tlie clot removed and the jugular vein 
'gated ; of these 9 patients 6 recovered ; the fatalities in 2 cases were 

wnnVT' ' ‘doubtful that an earlier ligation of the jugular vein 
"oiild have prevented the meningitis. 
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2. Jn 6 of tlic ])atic»ts the sums was not opened, and the vein was 
not lij^alccl ; 3 patients recovered (50 per cent). The fatalities were due 
to nmhiple pnhnonary abscesses (case 10), suppurative labyrinthitis 
(c.ise 12) and a cerebellar abscess with terminal pneumonia (case 13), 

3. Six patients had a simple operation on the mastoid before admis- 
sion to this hospital. At a later date, varying from six to twenty-three 
days aftei the operation on the mastoid the sinus was opened, the 
thrombus removed and the jugular vein ligated; 3 patients (50 per cent) 
recovered. The fatalities were due to an overwhelming septicemia (6,000 
colonies of hemolytic streptococci per cubic centimeter, case 6), pyemia 
witli marked secondary anemia (case 5) and suppurative meningitis 
(ca.se 7). 

Jn S of the remaining 9 patients the mastoid was opened, the sinus 
incised, the clot removed and the internal jugular vein ligated at one 
operation. In 1 of these patients (case 2) the jugular vein was not 
ligated. The patient recovered. There was only 1 fatality in this group 
of 9 patients (case 21 ). Therefore 8 patients (89 per cent) in the group 
recovered. 


TATHOLOGY AND ETIOLOGY 

The hemolytic streptococcus is reported as the organism most com- 
monly isolated in otitic sinus thrombosis. In our series this organism 
was grown from the blood in 15 patients, but from the mastoid wound 
in only 5 ; the nonhemolytic streptococcus was grown from both the 
blood and the mastoid in 2 patients; the pneumococcus type III was 
grown from the mastoid in 2 patients and from the blood in only 1. No 
patient in this series had staphylococcic septicemia. 

A perisinous abscess was found in 14 of our 30 cases (47 per cent) 
in association with erosion of the bone overlying the sinus. In 3 patients 
thrombosis of the lateral sinus was found at autopsy, but its presence 
could not be demonstrated at operation. Acute otitis media was the first 
symptom in 21 patients, and in 9 patients there was an acute flare-up of 
chronic otitis media. 

Sections made from a portion of the sinus wall excised at operation 
showed an acute inflammatory process and at times an infiltration with 
red blood cells. It is our impression that the progression of the thrombus 
is due primarily to the extension of the inflammatory process in the wall 
of the sinus or vein and not to an extension of the infection in the 

thrombus. 

SUMMARY 

1. Thirty patients with lateral sinus thrombosis are presented in this 
paper, 16 of whom were children 'under 14 years of age. Sinus throm- 
bosis occurs in infancy (case 29) as well as in old age (case 13). 
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2 The svndrome of chills, a septic temperature and a positive blood 
culture are ^ften absent. In this series 15 (50 per cent) of the pahc.its 
had chills; 20 (66 per cent) of the patients had a septic temperature, 
and in only 9 (30 per cent) of the patients \vas a positive blood culture 
obtained before operation. Only 6 patients (20 per cent) had the com- 
bination of chills, a septic temperature and a positive blood culture before 

operation. 

3. The white cell count, the temperature and the result of blood 
culture are shown in the table. A white cell count of 5.800jvas asso- 
ciated with a temperature of 106 F. (case 8) ; a count of 8,/ 00 with a 
temperature of 104.8 F., a positive blood culture and meningitis 
(case 26) and a count of 9,800 with a temperature of 105.2 and 26 
colonies of hemolytic streptococci in the blood of a woman, aged 46 
who recovered (case 1) . As a rule, the blood count is higher in children 
than in adults. 


4. The hemolytic streptococcus is the organism most commonly found 
in the blood in cases of otitic sinus thrombosis (50 per cent of our 
series). A culture from the mastoid or middle ear may give no indication 
of the organism in the blood stream, because the staphylococcus or 
other organisms frequently present in this location overgrow and 
prevent the recognition of the hemolytic streptococcus. 

5. Following operation the temperature may remain elevated for as 
long as a week, but in uncomplicated cases the general direction of the 
curve is toward normal. A secondary abscess and pneumonia are the 
common causes of a continued septic temperature. 

6. Chills were noted as a symptom in 15 patients. In 4 of these 
patients the chills continued for several days after the operation, which 
consisted of a simple mastoidectomy, incision of the sinus, removal of 
the thrombus and ligation of the jugular vein. In 3 of the 4 patients 
the continuation of the chills was probably due to a complication; pneu- 
monia (case 1). abscess of the hip (case 4) and involvement of the 
sternoclavicular joint (case 23). In 1 patient, however, there were no 
complications to explain the continuation of the chills for four davs 
(case 3). 


7. Transfusions were used as a therapeutic measure in 14 patients 
It is our impression that thc}- are of decided value, provided the cross- 
matching is carefully done and the blood is given slowlv enough to 
prevent severe systemic reactions. The number of patients who were 
'|tiven transfusions, the number of transfusions given and the more 
mqxirtaut clinical findings are shown in the table. 
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8. Ten patients in this series of 30 cases died, a mortality of 33 per 
cent; of the 20 patients (66 per cent) who recovered, 3 (15 per cent) 
had pain, redness and swelling around one or more of the joints, 2 
(10 per cent) had isolated abscesses of the muscles of the leg, and 2 (10 
I)er cent) had pneumonia. The complications are sjiown in the table. 



VESICAL DISTENTION 

u. EFFECTS ox THE MOTOR MECHAXISM OF THE HPREH UR.NAKV 
tract; ax EXPERIMEXTAE STUD\ 


c. D. CREEVY, :M.D. 

MIXXFAPOUS 


The effects of distention of the urinary bladder on botli the bladder 
itself and on the upper urinaia- tract have been studied and reported 
frequently in the past. Unfortunately, each investigator concerned 
himself with some isolated aspect of the problem, so that a coherent 
report of the process as a whole remains to be presented. For exatnple. 
the changes which urethral ligature produces in the bladder, ureters 
and kidneys are well known. The mechanism by which these changes 
are produced has, however, remained relatively uncertain. Again, the 
question of the reflux of bladder urine into the ureters has been almost 
e.vhausted botii experimentally and clinically ; whether this phenomenon 
occurs in acute retention has been but little investigated. Also, research 
on the effects of rapid artificial filling of the bladder has led to results 
diametrically opposed, so far as the behavior of the kidneys and ureters 
is concerned. 

It is the purpose of this article to present, in an orderly manner, the 
effects of urinan' retention and of rapid artificial filling of the urinary 
bladder on the motor activity of the bladder and the ureters and to 
interpret their clinical significance. ^Yith this end in view, urinary 
retention was produced in the dog, and its effect on ureteral activity 
was studied. The function of the ureter during rapid artificial filling 
of the bladder was investigated, and a reflex, apparent!}' not hitherto 
described, was discovered. This reflex evidently acts as an important 
mechanism, comparable to that which prevents urinar}- reflux, in pro- 
tecting the upper urinary tract against sudden rises in intravesical 
tension. 


RL\IEW OF THE LITER:VTURE 

llic first phases of vesical distention to be well studied were the 
anatomic changes resulting from urethral ligature. Guyon and Albarran ^ 

?ch,U’'” of Surgerj- of the Universitj- of ^linnesota Medical 

Eaivt'r!? ® submitted to the Graduate Facultv of the 

•■i IVa,„ „i " 5""“;,“'“"’“* •" '''S'" 
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).l uclcc the inellira of llie clog^ and rabbit and observed the animals 
for periods up to seventy-two hours. They found that the chief ana- 
tonne changes consisted of hemorrhages, which appeared earliest in the 
vesical submucosa, spread later through the whole thickness of the wall 
o t ie bladder, and finally developed in the pelvis and parenchyma of 
the kidney. After from sixty to seventy-two hours the hemorrhages 
in the wall of the bladder led to necrosis, rupture and urinary peritonitis. 

file occurrence of these changes was verified by the subsequent 
studies of Shigematsu " and of myself. 


Guyon and Albarran stated that peristalsis disappeared from the 
ureter within twenty-four hours, while irritability to galvanism vanished 
u'ithin thirty-si.x hours. AVhilc Shi'gematsu’s findings agreed with those 
of Guyon and Albarran, I have observed peristalsis even after seventy- 
two hours. 


Guyon and Albarran observed progressive diminution in the urea 
content of the urine in each successive twenty-four hour period after 
obstruction had been established. 


I'licsc are the only experimental studies which I have found which 
bear on the cfl’ects of urinar}'- retention. For corroboration of these 
findings, one must review the literature of ureteral obstruction. 

Cohnheim,’ Lindemann,'* Lucas,® Newman ® and VVinton " found that 
the flow of blood from the renal vein is diminished by distention of the 
renal pelvis. Fabian,® Corbett ® and Helmholz and Field ligated the 
ureters of the guinea-pig, dog and rabbit, respectively, and found that 
hemorrhages in the pelvic wall and renal parenchyma resulted. These 
observations may be combined to show that the retention of urine. 
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,vhtther in the Madder or in the pelvs of *e Wnej “l e «se 

ouslY ^vith the blood supply of the urinary' tract. That this is ca 
as concerns the kidney was demonstrated conclusively by Hmman and 
his co-workers.“ They showed, chiefly by corrosion specimens, that a 
remarkable diminution in the size and number of the blood vessels of t ic 
kidney follows ureteral occlusion. 

How are these changes produced? In order to answer this question 
it is desirable first to scrutinize the ability of the kidney and ureter, as 
well as of the bladder, to generate pressure. 

It is difficult to estabUsh the normal pressure relations in the urinary 
tract. Lucas,® from studies of the anesthetized dog (morphine) , belie\ cd 
that the tension in the pelvis was usually negative, while that m the 
vesical end of tlie ureter might reach a few centimeters of water ; he 
found that the excised ureter of a normal dog could exert a distending 


pressure of 92 cm. of water. 

Beresnegowsky obsen^ed individual peristaltic waves as high as 
21 mm. of mercury in a woman with a ureterovaginal fistula. This 
cannot be regarded as normal, however, since such fistulas are usually 
associated with some fibrosis and hypertrophy of the ureter. Hender- 
son obsen'ed individual waves of 36 mm. in the dog. 

Trattner^* found that the pressure in the normal human ureter 
(ureteral catheter) ranged from 2 to 10 cm. of water. 

The maximum pressure which may be generated by the normal 
kidney and ureter together has been thoroughly studied by allowing 
them to act against a rising vertical column of urine in a glass tube. 
The resultant tension has varied from a minimum of 40 or 50 mm. of 
mercury in the anesthetized dog (Heidenhain ^®) to a maximum of 76 


11. Hinman, F., and l^Iorrison, D. M.: Experimental Hydronephrosis. J. Urol. 
11:435, 1924. Hinman, F., and Hepler, A. B.: Experimental Hydronephrosis; 
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Rate of Development, and Significance of Venous Collateral System; Partial 

Without and With Ligation of All Collateral Veins 
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°1. T Sim«Uan»os LigaUon 

^^2. V. E.: Tha Faclors’., j, 

" Sr 

Lciprig. F. c. W. VogeulHi.! ^17, Tm/ 



72(i 


/IRCHIVES OP SURGERY 


Z"' during caffeine diureses (Gottlieb and 

tX.gnus ). Bciesncgowsky’- observed a tension of 70 mm. in an 
tinanesthctizcd human female with a ureterovaginal' fistula. Kreutz- 
Juann • found a maximum pressure of 66 mm. of mercury in the ureter 
during straining, making his measurements by means of a ureteral 
catheter j)asscd through a C3'Stoscope. 


These studies refer only to pressures exerted by the normal pelvis 
and urctet. I have been unable to find data on those attainable with 
hypertrophied organs. 


More information is available as to the potentialities of the bladder. 
Dubois and Adler found pressures of from 6 to 12 cm. of water 
(from 4.4 to 8.8 mm. of mercury) in the resting bladder. Estimates 
of the level which provokes the desire to void vary from 10 cm. of 
water (7.3 mm. of mercury)— Hirsch to 29.9 cm. of water (22 mm. 

of merciu')') — Kreutzmann.^* During micturition the tension averages 
78 cm. of water (57.3 mm. of mercury), but may reach 86 cm. (63.2 
mm.) — Schwarz and Brenner.^^ 

Estimates of the maximum tension attainable by the normal bladder 
vary widely from 80 cm. of water (58.8 mm. of mercury) — Rose — 
to 133 cm. of water (97.8 mm. of mercury) — Kreutzmann.^' 

One can gain from the literature only a vague idea as to the influ- 
ence of obstruction of the vesical neck with its presumed hypertrophy 
of the wall of the bladder on the contractile power of the bladder. 
j\fany have recorded the intravesical tension during chronic and acute 
retention from this cause, but have neglected to make it plain whether, 
in a given case, the wall of the bladder was the seat of hypertrophy or 
atrophy. Many urologists claim to have seen the urine “shoot clear to 
the ceiling” when an obstructed bladder was opened or catheterized, but 
actual measurements in such circumstances have shown the pressure 
to range from 9 or 10 (Dubois ^®) to 50 cm. of water (Bumpus and 
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Foulds-). Intermediate values are: 28.5 au. (Campbell,- average of 

11 cases) and from 26 to 39 cm. (Pilcher—). 

From these data it is dear that either the upper or the lor^r portion 
of the urinary tract can easily generate a pressure sufficiently high to 
interfere seriously with its own venous, and at times arterial, circula loi . 

Startin'^ stated that the pressure in the radial artery (comparable 
in size to ffie vesical artery) averages 85 mm. of mercury (114 an. o 
water) ; the venous tension in vessels of comparable size is 9 mm.^ o 
mercury (12 cm. of water) or less. The danger of even moderate rises 
in pressure within the bladder, especially if prolonged, is therefore 
obvious. 

Various means have been used to study the effect of rapid artificial 
filling of the bladder on both its own activity and that of the upper 


urinary tract. 

The most striking feature of the response of the bladder to disten- 
tion is its tendency to maintain, within wide limits of filling, a constant 
pressure, a fact which has been emphasized by jSIosso and Pellacani,-’ 
Sherrington,-® Rose-® and others. The level of this pressure appears 
to be rather constant, but varies with certain extraneous influences 
(Mosso and Pellacani,®® Hirsch and Boeminghaus , such as tem- 
perature and psychic stimuli. It ranges between 6 and 12 cm. of water. 
Mflien distention is carried past the capacity of the bladder to rela.x, 
very high pressures may result. Goltz®'* observ'ed rhytlnnic contrac- 
tions of the u'all of the bladder during filling. Rose -- and others noted 
that once the bladder has been filled and emptied immediate refilling 
with a similar quantity of fluid provokes a sharper reaction than does 
the first injection. 


Hitherto it has generally been believed that high pressures in the 
bladder develop as a consequence of the muscular activity of its own 


23. Bunipus, H. C., Jr,, and Foulds, G. S. ; Gradual Emptjdng of the Over- 
distended Bladder, J. A. M. A. 81:821 (Sept. 8) 1923. 
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25. Pilcher, P. M.: Prostatectomy in Two Stages, Ann. Surg. 59:500,’ 1914. 

26. Starling, E. H. : Principles of Physiolog>-, ed. 3, Philadelphia, Lea & 
hehigcr, 1930, p. 763. 
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A\aJI. However as I ])ave sliown, the detrusor urinae of the dos is 
noniially incapable of exerting^ pressures of more than 30 to 40 cm 
of water (from 22 to 29 mm. of mercury) on stimulation; and pressures’ 
above tins level result from contraction of the abdominal wall and the 
diaphragm i. e., attempts to void. True, high pressures can be pro- 
c need m the exposed bladder, which is thus free from the influence of 
voluntary muscular contraction, but in this case they represent not the 
activity of the bladder but an external force (the pressure of the fluid 
injected) exerted against the wall of a bladder distended to such a 
degree that it can relax no further. 

When distention suflicient to raise the intravesical pressure is 
employed, ureteral peristalsis is altered. Sampson studied the excised 
fresh urinary tract of the dog and found that filling the bladder caused 
an werease in the frequency and a diminution in the amplitude of the 
peristaltic waves. 

Lucas® traced ureteral peristalsis in the dog under morphine by 
means of a T-cannula and kymograph; an increase in intravesical tension 
caused also a quickening of ureteral peristalsis with a diminution in its 
amplitude. Israel obtained similar results in etherized dogs. Pico 
and Seres observed peristalsis in the exposed ureter and measured the 
outflow from its cut proximal end during distention of the bladder; 
they found it increased in the anesthetized dog. Graves and Davidoff 
and Wislocki and O'Conor found peristalsis in the exposed ureter of 
the anesthetized rabbit increased b3’- vesical distention. 

Pflaumer watched with the cystoscope the jets of urine which 
escaped from the ureteral meatus of the unanesthetized dog and found 


31. Sampson, J. A. : Ascending Renal Infection with Especial Reference to the 
Reflux of Urine from the Bladder into the Ureters, Bull. Johns Hopkins Hosp. 
14:334, 1903. 

32. Israel, W. ; Das Verhalten der Nieren- und Harnleiter-Tatigkeit wiihrend 
der Blasenirontraktion, Ztschr. f. Urol. 21:614, 1924; Harnleitermiindung und 
Blasenkontraktion, Klin. Wchnschr. 5:1878, 1926. 

33. Pico, O. M. : Reflexe vesico-renal, Compt. rend. Soc. de biol, 83:1499, 1920. 

34. Seres, M.: Correlation fonctionelle vesicorenale, J. d'urol. 16:177, 1923. 

35. Graves, R. C, and Davidoff, L. M. : Studies on the Ureter and Bladder 
with Especial Reference to Regurgitation of the Vesical Contents, J. Urol. 10:185, 
1923 • Studies on the Ureter and Bladder with Especial Reference to Regurgitation 
of the Vesical Contents, ibid. 12:93, 1924; Studies on the Ureter and Bladder 
with Especial Reference to Regurgitation of Vesical Contents; Regurgitation as 
Observed in Cats and Dogs, ibid. 14:1, 1925. Graves, R. C: Studies on the 
Ureter and Bladder with Especial Reference to Regurgitation of the Vesical 
Contents: Bladder Pressure-Curve in the Human, ibid. 18:321, 1927. 

36. Wislocki, G. B., and O’Conor, V. J.; Experimental Observations upon the 
Ureters, with Especial Reference to Peristalsis and Antipenstalsis, Bull. Johns 

Hopkins Hosp. 31:197, 1920. • < • i rr „ 

37 Pflaumer, E. : Cystoskopische Beobachtungen zur Physiologic der D^n- 

leiter und Nieren, Ztschr. f. Urol. 13:367, 1919. Pflaumer, E., and Hocker, H.: 
Ureterphysiologie und Uroselektan, Deutsche Ztschr. f. Chir. 229:309, 1930. 



729 


CREEVY— VESICAL DISTENTION 

that increased intravesical pressure led to a <lWoutio-r m their ta- 
quency and volume, an observation winch was verified bj Schn 
ki man. These investigators attributed the change to compression ot 

the intramural ureter. 

Kreutananu" using a catheter passed through the cystoscoix, found 
that a rise in the pressure in the bladder increased tension in the ureter 
in man. but did not exdude the possibility of regurgitation of the eon- 
tents of the bladder alongside the catheter. 

A perusal of what has been written about the possibility of regurgi- 
tation of the bladder urine into the ureters during vesical distention is 
apt to be confusing. Semblinow,^® Lewin and Goldschmidt,^® Courtade 
and Guyon,^^ Markus, Wislocki and O’Conor,"® von Lichtenberg « and 
Graves and Davidoff "= all observed such regurgitation into the ureter 
of the anesthetized rabbit. On the other hand, Sampson, Lucas, 
Draper and Braasch^’ and Bush and McCradie^® were unable to pro- 
duce it in the dog. Satani '‘® denied its occurrence in the pig. Eisen- 
drath,” Schmidt,"® Kelly Young, Bumpus and others do not believe 
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that it occurs nonually in man, wiiile Kretschmer®® and Graves®^ 
observed it (contrast medium under the fluoroscopc) in apparently 
normal persons. 

Sampson’s original description of the ureterovesical valve did much 
to clarify the situation, but the most adequate explanation of the con- 
fusion is that of Grubei-,®- who pointed out that the ureter of the dog 
and pig and of man enters the bladder obliquely and is guarded by a 
thick, well developed valve, while that of the rabbit passes through the 
wall of the bladder almost at right angles and possesses little or nothing 
in the way of a valve. He was able to produce reflux in the dog only 
after injuring the valve. De la Pena obtained similar results from 
dividing the fibers of the detrusor ui'inae from without in the area 
where they overlie the intramural ureter, thus affirming the importance 
of both the valve and the oblique course of the ureter in preventing 
reflux. The clinical importance of these factors has been emphasized 
by Young,'*® Kelly,'*® Warschauer,®* Alksne,®® Eisendrath;*® Satani,^® 
Bumpus, Caulk and others. 

To summarize, during filling of the bladder, high pressures may 
develop. When these pressures exceed from 30 to 40 cm. of water, 
the excess is apparently due cither to distention of the organ to such a 
degree that it can no longer relax or to contraction of the abdominal 
muscles and the diaphragm. When the intravesical tension rises above 
6 to 12 cm. of water, the rate of ureteral peristalsis is increased, 
while its amplitude is diminished. In spite of the increased rate of 
peristalsis in the ureter, the frequency wth which jets of urine are 
ejected into the bladder is diminished. This seeming discrepancy is 
probably to be explained by the fact that most observers have selected 
one area in the ureter for observation and have not considered the fact 
that the rate in the vesical end of the ureter is normally lower than that 
elsewhere (Boulet®"). 

50. Kretschmer, H. L.: Cystography, Surg., Gynec. & Obst. 23:709, 1916. 

51. Graves, R. C. : Studies on the Ureter and Bladder with Especial Reference 
to Regurgitation of the Vesical Contents, Tr. Am. A. Genito-Urin. Surgeons 20; 

98 1927. 

' 52. Gruber, C. M. : The Function of the Ureterovesical Valve and the Experi- 
mental Production of Hydronephrosis, J. Urol. 23:161, 1930. 

53, de la Pena, A.: Personal communication to the author. _ 

54, "Warschauer, E.: Beobachtungen aus der Nieren- und Ureteren- Physio- 
logic, Berl. klin. Wchnschr. 38:398, 1901. • , • 

55, Alksne, J. : Eih Beitfag zur, normalen und pathologischen Physiologic aes 

Ureters, Folia urol. 1:338, 1907-1908. „ 

56, Caulk, J. R. : The Significance of the Ureter in Surgery, Surg., Gynec. a. 

Obst. 49 .-22^ 1929. , 

57, Boulet, L. : Sur les mouvements de I’uretere humain, Compt. rend. soc. 

biol. 74:1171, 1913. 



751 


CREEVY — VESICAL DISTENTIOI< 

such solutions up the ureters or normal human beings is not a norma 
phenomenon (Schmidt . 

EXPERIMENTAL STUDY 

Normal male dogs were used. Anesthesia was obtained ^ J 
iniection oi 10 mg. of morphine sulphate for each kilogram of bo j ^ P 

pkmented, if necessarj', by infiltration of the abdominal wall with O.o per cent 
procaine hydrochloride without epinephrine hydrochloride.^ Through an incision 
in the Mt rectus abdominis the left ureter was exposed just above the point ac 
which it crossed the iliac vessels. It was not stripped, but the musculans was 



Fig. 1 (e.xperiment 1). — Kymograph tracing showing cessation of ureteral 
peristalsis on distention of the bladder; peristalsis returned on emptying it. 


transfi.xed by a fine silk traction suture. -A short longitudinal incision was made 
into its lumen just below the suture, and a T-cannula made from a 20 gage steel 
needle was inserted. The ureteral incision was closed with silk sutures snugly 
enough to be water-tight. The cannula was connected to a glass tube, which was 
brought out through a stab wound in the lateral abdominal wall. The tube was 
switched to the posterior abdominal wall to prevent kinking of the ureter. The 
right ureter was divided near the bladder, and the vesical end was cannulated. The 
renal end was left open. The cannula was connected to a rubber tube which was 
brought out through the abdominal incision and allowed’ to drain into a cup. 

The glass tube from the left ureter was then connected to a water manometer 
winch recorded on smoked paper in a kymograph. A rubber catheter was passed 
into tlie bladder and connected, by means of a T-tube and a three-wav valve to a 
rescn-oir cf sterile physiologic solution of sodium chloride, colored blue’ with 
indigotindisulphonate, U.S.P. (indigocannine), and kept at body temperature and 
to a mercury manometer which also recorded on the smoked paper 

NN hcn peristaltic u-aves appeared, the bladder was distended bv injectin- SO cc 

tiuw;";4s 'recorded’’"' ™ 

P«f'>^taltic u-aves appeared 

— the .apparatus u-as set up. When 100 cc. of fluid had been injected into 



732 


ARCHIVES OF SURGERY 


the bladder, the waves suddenly disappeared (Bg. 1). This occurred with an intra- 
vcsica pressure of 22 nini. of mercury (30 cm. of water). Injection was continued 
unti the bladder contained 500 cc. at a pressure of 100 mm. of mercury. Emptying 
of the bladder was followed by a return of peristalsis and by a sharp rise of 
tension. The frequency of peristalsis was increased, but its amplitude was dimin- 
ished. At no time did indigotindisulphonate appear in the glass tube leading from 
the left ureter or from the distal stump of the right ureter. 

Experiment 2. In a male dog weighing IS Kg. the procedure was carried out 
as in the foregoing experiment, except that the injections were made in quantities 
of 100 cc. Peristalsis disappeared at a vesical tension of 26 mm. of mercury. 
When 500 cc. had been injected (pressure, 122 mm.) the bladder unexpectedly 
burst (fig. 2). There was a sharp rise of intra-ureteral tension within a few 
seconds, accompanied by small frequent peristaltic waves. No indigotindisulphonate 
appeared in the glass tube connected to the ureteral cannula or from the vesical 
end of the right ureter. 

Experiments 3 and 4. — These were identical with experiment 1. Peristalsis 
disappeared when the intravesical tension exceeded 31 mm. of mercury (42 cm. of 


Bladder 

pressure j \ 

-T — ' 

Lla J lU L l 

200c c. 4.00c c. 5Q0cc. _[ 

C Bladder burst) — 

Left ureter pressure 

Effect of sudden emptying of 
the distended blodder 
on ureter pressure 

November 18^1931 

1 1 1 1 1 1^ L 

Time (minutes) 

1 1 _ 1- _ 1 1 


Fig. 2 (experiment 2). — Tracing showing the rise in ureteral tension on burst- 
ing of the bladder (photograph when camera is set for figure 1). 


water) in experiment 3 and 22 mm. of mercury (29.9 cm. of water) in experiment 
4. It returned when the bladder was emptied, always with a definite rise in 
tension and with increased frequency but diminished amplitude. The blue-stained 
distending fluid did not appear in the glass arm of the cannula or from the stump 
of the right ureter. 

Cmnwrnf.— Sudden distention of the bladder to a pressure in excess of 22 mm. 
of mercury (30 cm. of water) caused abrupt cessation of peristalsis in the ureter. 
Release of the intravesical tension caused a return of peristalsis, with a slight 
rise of tension. An inquiry into the mechanism which stopped peristalsis seemed 
in order. 

Experiments 5 and 6.— It was suspected that powerful contraction of the wall 
of the bladder as a result of the strong stimulation of rapid distention was 
involved. In these experiments the procedure was the same as in the preceding 
four, except that, following cannulation of the ureter, the lower end of the incision 
in the abdomen was left open and the bladder was allowed to protrude so that 

it could be observed. . 

When the bladder was distended, in neither case was there any significant 
change in the rate or the amplitude of the peristalsis (fig. 3). There was a slight 
fall in pressure, which returned to its previous level when the bladder was emptied. 
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U . n? the Dressure in the bladder was much different 
Ltlh^r&tS-iouV-perim^^^^ being much flatter-, the maximum rcadtng 

and again while it contained a small “ 2 ^ j water), no cessation 


the abdomen. 

Comment.— Apparently the cessation of 
distention did not depend on contraction of 
In order to test whether this cessation 
stretching of the wall of the bladder, the 


peristalsis which accompanied vesical 
the wall of the bladder, 
of peristalsis was a reflex excited bj 
last two animals were again used in 


experiments 6 and 7 . 

Exbemmexts 7 and 8.— A sterile, inelastic cloth bag having a capacity of 
150 cc. was slipped over the bladder, which was allowed to protrude from the 
open incision. Distention of the bladder still failed to inffuence the ureteral peri- 
stalsis, although the pressure was raised to 200 mm. of mercury (272 cm. o 


^\addcr prcisu rc | f- h * 

/Women opened “i+i tfi i 

.Shddcr brought out mtcl^z<L2i00cc. 500cc, 700c c 900c c. lOOOcc. UOOcc. Hmpty 


Lett urctcc pressure 


Time {minutes) 

t \ 


Fig. 3 (experiment 5). — Tracing showing that peristalsis was not influenced by 
distention of the bladder while it protruded from an abdominal incision. 


water) , a procedure which caused multiple hemorrhages in the wall of the bladder, 
Xo blue fluid appeared in the side arm of the ureteral cannula or from the right 
side. 

Commcnl , — Apparently this phenomenon was independent of the absolute tension 
in the bladder, but depended on some other factor. Since it had been noted that 
the bladder of the dog, when rapidly distended, always produced bulging of the 
abdominal wall, even when the fluid content was small, it was suspected that the 
cessation of peristalsis might depend on a reflex excited when the full bladder 
impinged on tbe abdominal wall. 


ExtewMCXTS 9 and 10. The animals used in these experiments were normal 
males weighing 9 and 11 Kg., respectively. Distention of the bladder caused 
d^appcarancc of peristalsis when pressures of 22 and 24 mm. of mercutv (30 and 
.V cm of water) respectively, were reached. The cloth bag already' described 
was slipjKd onto the bladder, and the abdomen was closed. When th; tension in 

^ of the abdominal wall could 

J ^ Emptying the bladder resulted in a return 

' by a rise of pressure in the ureter 

The aMomcn was reopened. While the bladder was emptv- traction a 
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stalsis ceased, but returned when traction was abandoned. The usual slight rise 
of pressure accompanied tlic return of peristalsis. At no time did blue fluid appear 
m the arm of the ureteral cannula or in the abdomen. 

Comvicut. It seemed safe to conclude that the cessation of peristalsis which 
accompanied vesical djstention was due to a reflex excited by compression or 
stretching of the portion of the abdominal wall which was compressed by the 
distended bladder. 

It had been noted that, although urine appeared to flow from the ureter into 
the bladder in all experiments until the vesical distention stopped peristalsis of 
the ureter, the recorded pressure in the bladder always exceeded that in the ureter. 
In order to investigate this apparent paradox, experiments 11 and 12 were per- 
formed. 

Experiment 11. In a male dog weighing 13 Kg. the right ureter was cut, 
and the vesical end was tied. The left ureter was cannulated in the usual fashion. 



Fig. 4 (experiment 11). — Tracing showing how the pressure developed in the 
ureter by the injection of saline solution fell with the development of peristalsis 
(photograph when camera is set for figure 1). 

but clear saline solution was used to fill the bladder and indigotindisulphonate was 
given intravenously to color the urine which came down the ureters. 

When 200 cc. of fluid had been injected into the bladder, the tension was 23 
mm. of mercury (31 cm. of water), while the ureteral pressure was only 4.7 mm. 
of mercury (6.4 cm. of water). Yet when the fluid from the bladder was with- 
drawn, it was blue from the first, indicating that urine had been passing into the 
bladder. 

A small amount (25 cc.) of sterile saline solution was then injected slowly into 
the ureteral cannula. A prompt rise of pressure resulted (fig. 4). Peristalsis 
increased in amplitude, and a slight fall in the tension in the ureter occurred. When 
the bladder was emptied, the pressure fell rapidly, but not to the base line. A 
second injection into the ureter resulted in a sharp rise in pressure, which fell 
almost at once. Refilling of the bladder was followed by injection of the ureter. 
The ureteral pressure now fell very slowly until the bladder was emptied, when 
it dropped rapidly. At no time did the pressure in the ureter equal that in the 
bladder, even though urine could be shown to be passing into the bladder. 
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19 Th;<; M-as a repetition ot the foregoing experiment, except 

ExpERMESt 12.— This v.a5 a P intravenously but was injected into the 
that no indigotindisulpWe “ tension in the ureter 

ureter instead. It stained the fluid ° ,,,, followed by a rapid 

was below that in the bladder. * Muk- and by a slow decline if 

bladder, even when it was distended. ^ 

ComiHcitf — The apparent paradox of water passing irom an area o ^ 

of higher pressure is explicable only on the basis of the functional ability m the 
ureter As Lucas s demonstrated, the isolated ureter of the dog can sustain * 
pressure of 92 cm. of water. It is easy to see, therefore, how the segment of the 
ureter between the cannula and the bladder can generate sufficient pressure o 
force the urine into the bladder. The cannula was at the level of the iliac vessels 
so that an inch or more of ureter was available for creating the necessary force. 

It is to be noted that thus far no reflux ot the stained contents ot the bladder 
had occurred, either into the glass arm of the cannula or into the vesical stump 


of the right ureter. 

After the determination of what happens when the bladder is distended rapidlj , 
a standard thereby having been set up, it seemed desirable to determine whether 
acute urinari' retention altered the response of the bladder or ureter to distention 
of the former. 


Method . — Normal male dogs excreting normal, sterile urine were used. The 
urethra was ligated in the perineum with linen tape under local anesthesia, and 
with sterile precautions. The animals were placed in cages designed for measuring 
the metabolism to permit one to he certain that no urine escaped. After retention 
had been established, the investigations already described were repeated. 


Exeeeimext 13.— a male dog iveighing 12 Kg. was used. After twenty-four 
hour retention, the abdomen was opened under morphine and procaine hydrochlo- 
ride anesthesia. The bladder was greatly distended and cyanotic. There were no 
visible hemorrhages in its wall. It was surrounded by warm, moist bowel, and 
was dislocated through the incision. A rubber-shod clamp was placed upon the 
left ureter just above the iliac vessels; the ureter was cannulated and connected 
io the water manometer. The vesical end of the right ureter was cannulated. 
The abdomen was closed, with the handles of the rubber-clad clamp protruding. 
The urethral ligature was removed, and a rubber catheter was passed into the 
bladder and tied. It was at once connected to the mercury manometer, without 
the loss of urine. The damp was then removed from the .ureter. 

The pressure in the bladder was 8 mm. of meremy (10.9 cm. of water) ; disten- 
tion of the bladder produced, at a tension of 21 mm. of mercurj' (28,0 cm. of 
uater), abrupt cessation of peristalsis; on emptying the bladder peristalsis returned, 
with a definite rise of pressure. These changes could be reproduced at will 
At no time did the irrigating fluid appear in the side arm of the T-cannula or 
from the vesical stump of the right ureter. 


ExrrmMEXT 14.~A dog weighing 20 Kg. was used. After urinary retention 

wit! 1 hugely distended and was cvanotic 

Mth hemorrhages m the posterior wall. Connection of the left ureter ^nd the 

4‘-u accomplished without loss of fluid. Tracing of peri- 

st.dsis began at once. The pressure was 12 cm. of water (fig 51 The 

c..i..e the ureter had been ns.ng gradually before the injection and 
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continued to do so. Some diminution in tiie peristaltic rate was noted. The 
withdrawal of 70, then SO, cc. of urine caused a slight fall in ureteral tension. The 
bladder was emptied suddenly. The pressure in the ureter fell to zero; the peri- 
stalsis increased in rate, but its amplitude diminished. No reflux was observed. 
Tlie animal was killed for anatomic studies. 

Experiment 15.— This c.\-perimcnt %vas a duplicate of the preceding one. The 
bladder was distended and cyanotic and showed hemorrhages in the posterior wall. 
WJicn manometers were connected, the pressure in the bladder and that in the 
ureter were 20 and 17.4 cm. of water, respectively. On the addition of 200 cc. 


Ccrotid Ucoi frci'.urc 


EUjct of vidcfcri of 

the Wodirr' 

Octxijir 12, 1931 
46 rcfcAficn ~ 5C0<. c 





70cc. 50cc Dnpfy bladder Dloddtr 

oof oof (^jOrcoof) 

Fig. 5 (experiment 14). — Effect of sudden emptying of the distended bladder 
(SOO cc.) after forty-eight hour retention on ureteral peristalsis. 



Fig. 6 (experiment IS).— Tracing showing cessation of ureteral peristalsis on 
further filling of a bladder already obstructed for forty-eight hours; peristalsis 
returned on emptying the bladder. 


of blue irrigating fluid to the contents of the bladder, the peristalsis of the ureter 
diminished in frequency. On the injection of another 200 cc. it ceased. With- 
drawal of the contents of the bladder (2,200 cc.) was followed by a return of 
peristalsis of a very low frequency (fig. 6). There was no rise m pressure. 

No regurgitation up either ureter could be detected. 

Experiment 16.— A male dog weighing 18 Kg. was used. The experiment 
was a duplicate of e.xperiment 14, except tliat the retention was maintained for 
seventy hours. The bladder was enormously distended and was hemorrhagic and 
gangrenous. The tension in the bladder was 8 cm. of water, and in the ureter 
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4 cm. Peristalsis was active. It was inhibited by the injection of fluid into the 
Madder and reappeared, without a rise of pressure, on emptying the bladder. No 
regurgitation of fluid up either ureter could be seen. 

Coinmeiit.—'Ihe. mechanism causing inhibition of ureteral peristalsis during 
sudden rises of the intravesical tension persists for as long as seventy hours after 
the development of urinary retention. Experiments were discontinued at that time 
because previous work had shown that the bladder invariably ruptures at about 
seventy hours. The persistence of this mechanism after the extreme disorganiza- 
tion of the wall of the bladder in seventy hour retention fortifies the initial view 
at the reflex depends on some extravesical mechanism. 


Ot-Xt-RAL COMMENT 

If the statements in the literature are true, water can run uphill, in so 
ar as It appears to pass from an area of negative pressure (the renal 
P ^'tsj to an area of positive pressure (the urinary bladder). To 
brs°!!p^^ evolved an ingenious mechanism and 

of ariarftomte'Sdd«“ 
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it is^ positive bv"!'! "ses until 

amer fL here 2 a “ **’' “'I “I 
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a loa^foSnS ~ 
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compression resulting from the intraveJ^Tf^^'^ anteroposterior 
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means oi intravenornr^Japhv fta.T *own 
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peristaltic wave may, on occasion 
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iliis ability of the ureter to produce high pressures explains the 
apparent discrepancy between .the tension in the pelvis and ureter and 
that in the bladder. It is apparent that a short segment of the ureter 
can generate a high tension without causing any rise a short distance 
above it. 1 his is the only basis on Avhich one can account for the obser- 
vations in experiments 11 and 12, in which, in spite of the fact that the 
intravesical tension exceeded that in the ureter during the whole period 
of observation, urine flowed into the bladder. It is undoubtedly this 
mechanism which prevents dilatation of the ureter and renal pelvis 
during the early stages of chronic urinary retention. 

The efficiency of these mechanisms is great, if one may judge from 
the literature. The fact that urinary reflux is almost never observed 
in the normal dog or human being, while occurring with great regu- 
larity in the rabbit, emphasizes, as Gruber has shown, the importance 
of the oblique course of the intramural ureter. 

The results of this series of experiments corroborate the view that 
reflux is rare in the dog, since it was never observed either during rapid 
distention or stimulation of the normal bladder (experiments 1 to 10) 
or during rapid distention or stimulation of the bladder after complete 
retention lasting as long as seventy-two hours. 

A fourth protectir^e mechanism, which has apparently not been 
described previously, Avas demonstrated by the foregoing series of 
experiments, namely, a reflex Avhich stops ureteral peristalsis Avhen the 
intravesical tension rises suddenly (experiments 1 to 4, 7 to 10 and 
13 to 16). A need for this reflex exists. While the backward trans- 
mission of pressure in the normal urinary tract is effectively prevented, 
a dangerous situation might ncA'^ertheless develop if a high vesical 
tension Avere present for any length of time, owing to the ability of the 
kidney and ureters to produce pressures as high as 70 mm. of mercury 
(95 cm. of Avater). It is clear that if a high A^esical tension persisted 
the upper urinary tract Avould build up a tension sufficient to interfere 
Avith its own venous return and thus to cause serious lesions. It is 
undoubtedly this mechanism Avhich produces the renal and ureteral 
hemorrhages in experimental acute retention as well as those occurring 
after ligature of the ureter. 

That it is a reflex which arises outside the wall of the bladder is 
shown clearly by experiments 5 and 6, in which ureteral peristalsis per- 
sisted in spite of electrical stimulation of the wall of the bladder, and 
by experiments 14 to 16, in which peristalsis stopped on distention 
Avhen the bladder Avas so badly damaged by retention that it could not 
contract sponta^eousl3^ Experiments 7 to 10 prove that sti etching o 
the wall of the bladder, with the resultant stimulation of the vesical 
nerves, plays no part in its production. 
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Its dependence on the nerves of the abdominal ^vaU was first sug- 
Je4 wL visible fonverd bulging of the bladder dunng d.stcu ,on 
of sufficknt de<^ree to arrest ureteral activity. This vierv is renfied )} 
^“taents 5 to 8, in svhicb bringing the bladder out 0 the abdom™, 
while it failed to alter ureteral peristalsis, did prevent its arrc.t , 
vesical distention, and by experiments 9 and 10, in which the reflex was 


excited by traction on the parietal peritoneum. 

The period during which this reflex protects the upper ^rtipu ot 
the urinary’ tract has not been determined accurately, but in experi- 
ments 13 to 16 and during a long series ot experimental acute retentions 
prewously reported^® it was found that the kidneys and ureters remained 
normal for twenty’-four hours invariably, and for forty-eight hours in 
some instances, after urethral ligature. From this it may be inferred 
that the mechanism fails at some time between twenty-four and forty- 
eight hours after the onset of retention. Further evidence of its 
efficiency is obtained from the rapidity with which renal lesions develop 


after ligature of the ureter. Fabian® found edema of the peripelvic 
fat fifteen minutes after ligature of the upper ureter and hemorrhage 
within three hours. Helmholz and Field ligated the ureter lower in 
the rabbit and obsen'ed edema within four, and hemorrhages within 
eighteen, hours. 

It is my belief, as yet not proved, that the damage in acute retention 
is due not to sustained high pressure but to the intermittent attempts to 
void, which may produce remarkable rises in intravesical tension, a sup- 
position which would explain why this reflex may persist so long and 
prove to be so effective. 


SUWilARY AXD COXCLUSIOXS 

1. The literature on pressure relations in the urinary tract has been 
reviewed. The fact that intravesical tension is usually higher than the 
pressure in the renal pelvis and that the maximum pressure attainable 
by the bladder exceeds that attainable by the renal pelvis and ureter 
combined necessitates some mechanism to protect the kidney against 
the bladder. 


2. The literature describes a threefold mechanism for this purpose, 
consisting of the ureterovesical valve of Sampson, the oblique course 
of the ureter through the wall of the bladder and the peristaltic con- 
factions of the ureter. The last-mentioned factor is probably more 
important than one would suspect from the literature, since k short 
segment of the ureter can develop a pressure of 90 cm. of water and 
Can resist a similar distending pressure. 


^ 5S. Cre^T. C D.: Distention of the Urinarj' Biadder: I. Hematuria and 
.Wien Empty mg; Experimental and Clinical Study, Arch. Surg. 28:948 (yiav) 
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3. A scries of 16 experiments on the dog has revealed the existence 
of a fourth jirotcctive mechanism, a reflex which stops ureteral peri- 
stalsis during periods of sudden increase in the intravesical tension. 

4. This reflex is excited not through the nerves of the bladder but 
through stimulation of the anterior abdominal wall by the bulging for- 
ward of the distended bladder. It persists even when the bladder is 
Ijadl}' damaged l)y intramural hemorrhage. 

5. Back pressure probably does not exist in the normal urinary tract 
of the dog, since the reflux of urine does not occur during sudden dis- 
tention of the bladder, even after long-standing acute retention. Instead, 
the injurious pressure is generated by the kidne 3 '^s and ureters in an 
attempt to force urine into a distended bladder. 

6. The purpose of the reflex seems to be to protect the upper portion 
of the urinai 7 tract against its own rise in tension during sudden sharp 
rises in intravesical pressure. 

7 . The reflex is evidently successful for periods of from twenty- 
four to forty-eight hours, since the kidneys and ureters remain normal 
up to that time during acute retention of the urine. 
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bacteriophages in treatment of 
COLON BACILLUS SEPTICEMIA 


WARD J. MacNEAL, ^I.D. 
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Septicemia due to the colon bacillus, though less common than 
septicemia due to the cocci, is ordinarily a disease o£ high mortality. It 
arises as a terminal phase of an ascending urinary infection and less 
frequently by extension of septic infection from other regions of the 
body. During the past three years we have seen and treated three 
patients with this condition and have had the opportunity to furnish 
bacteriophage preparations and advice as to their application for two 
other patients. 

The cooperation of the patient, the clinician and the bacteriologist 
in this small group has presented a sharp contrast when compared with 
that experienced rvith the larger group of patients with urologic dis- 
eases. The patient with sepj;lcemia is usually in sufficient distress that 
he and his family are willing to follow the advice of the physician ; and 
after a succession of positive blood cultures coupled with severe chills, 
sharp spikes of temperature, toxic psycnR manifestations and other 
alarming signs and symptoms have been observed, the clinician is more 
inclined to welcome any possible aid rvhichn nay be offered by modern 
laborator}' sendee. The serious nature of the disorder also challenges 
the best efforts of the laboratory worker, who senses the enhanced valua- 
tion of his own work in relation to these more desperate clinical prob- 
lems and is thus stimulated to superlative effort. 

Tile records for four of these patients are quite complete, and they 
will be presented here in summarized form. The fifth patient came 
under obsen-ation during the preparation of this paper, and the record 
is not yet available for presentation. 


REPORT OF CASES 


Case 1.— M. L., a white woman, aged 21, admitted to the hospital on ?,Iarch 16, 
1931, has been mentioned in earlier publications from this department, and her case 
was selected as the c.Yaniple of this group to be used in the more general discussion i 


These studies have been aided by a grant from the Josiah ^Izcy Jr. Foundation 
From the Department of Pathologj- and Bacteriologj-, New York Post' 
Gr-ailuatc Medical School and Hospital, Columbia Universitj'. 

Septic Infections, Particularly 

y.nn Aid 01 Bnetenephages, Am. J. M. Sc. 189:623. 1934. ■ 
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of septic infections presented before the Section on Pharmacology and Therapeutics 
at the meeting of the American Medical Association at Milwaukee, June 16, 1933 
It will suffice here to state that siie sufficred from pelvic thromlwphlebitis, following 
an abortion, with repeated blood cultures positive for the colon bacillus. Following 
intravenous bacteriophage tlierapy she made a complete recovery and was dis- 
charpd in excellent condition on April 28, 1931. This is probably our most 
striking example of apparent success in the treatment of colon bacillus septicemia 
with bacteriophage. 

C.-\SE 2.— G. J., a white woman, aged 43, suffered from an infection in her right 
foot from June 15 to June 25, 1932. As this was healing she began to have chills 
and fever, with a rise of temperature to 105 F. A blood culture taken on June 25 
and brought to our laboratory gave abundant growth of colon bacilli, variety com- 
munis, in two flasks of broth and in three agar plates. A diagnosis of pyelitis was 
made, and after treatment with methenamine for ten days she was much improved. 
However, on July 21 she fell in a faint while walking toward the door of her room, 
and from that time she was weak and dizzy. On July 26 and 27 she had auditory 
and visual hallucinations, and on July 28 there was increasing drowsiness until 
she was admitted to the hospital in a comatose condition at 9:15 p. m., July 28. 



Chart 1 (case 2). — Abridged clinical chart for G. J., showing the course of the 
temperature (T) and pulse rate (P), together with outstanding features of the 
clinical record. 

At this time the clinical diagnosis was bacteremia and probable septic thrombosis 
of the brain. 

The clinical course in the hospital is indicated in chart 1. A blood culture taken 
at midnight on the day of admission remained sterile; a catheterized specimen of 
urine revealed red blood cells and pus; the blood chemistry and the spinal fluid 
were normal. Gastric lavage was done, and an infusion of 1,850 cc. of 5 per cent 
dextrose was given intravenously before 2 a. m. The patient remained uncon- 
scious and incontinent throughout the night. During the next day, July 29, she 
received 1,450 cc. of saline solution subcutaneously. She remained incontinent 
and unresponsive. On July 30 she became more alert and occasionally conversed 
in a rational manner. Most of the time, however, she was disoriented, somehmes 
being very nois 3 % and she required constant physical restraint in bed. A clysis 
of 1,000 cc. was given just before noon. _ ^ 

On this day bacteriophage treatment was urgently requested by the 
physician, who regarded the prognosis as grave. In regard to bacteriology, we^ a 
only the evidence seen in a fresh specimen of urine in addition to the posihve 
blood culture obtained on June 25, before the patient’s admission to the 
However, the chemical analysis of the blood, which had been repeated, disc ose 
nothing to explain the mental derangement, and it was decided that the iwssi 
bility of benefit overbalanced the dangers. Therefore, to obtain prompt e ec , 
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stock as,o,.p.c ptepotatio. oE colon 
, r 1 . in dilution at 1- 45 D. ra.: a second dose ot l cc. at ^ - j/ v- 
[ Srd dose' of 3 cc. at 3: 18 p. m.. on July 30. There was ™ ddli Mlotving 
these injections, and only a moderate rise m tempera ure to 102 F ^ 
next dav she was rational but not cooperative. The day being Sunday, o e 
the physicians had told her that she would not receive any intravenous injections, 
and when we arrived at the hospital to give her a treatment she emphatica! y 
refused to permit it. However, on ^ilonday and the following days she readily 
submitted to the intravenous therapy, which was discontinued as no longer required 
after August 4. Intravesical bacteriophage treatment was advised but was rcfusetl 
by the patient, who insisted that she was well enough to go home. A culture of 
the urine on August 2 yielded 23,000,000 colonies of colon bacilli per cubic centi- 
meter. The organism was a colon bacillus of the communis variety and onl\ 
partially susceptible to the stock bacteriophage. Without further bacteriophage 
treatment the patient left the hospital on August 13 and was advised to continue 
taking methenamine. She came to the laboratory after about a month to inquire 
about obtaining bacteriophage for further treatment at home and was advised to 
be admitted again to the hospital for a thorough course of treatment of the 
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Chart 2 (case 3). — Abridged clinical chart for C. L. 


persisting urinary infection. This she declined to do because she did not feel ill 
enough to make such a sacrifice. 

As an example of successful bacteriophage therapy this case is not verv satis- 
factoiy. The positive blood culture of June 25 contained the same type of colon 
bacillus found in the urine after the patient’s admission to the hospital more than 
a month later. During the interval the patient had been up and about for part 
of the time. When admitted to the hospital on July 28 she seemed to be in a 
jmg condition, but the blood culture taken at this time remained negative. Her 
clinical condition progressively improved, and during part of this period of improve- 
ment die colon bacteriophage was injected intravenouslv. She as well as her 
physicians asenbed the improvement in large measure to the use of the .bacterio- 
phage. One may justly be skeptical about the relationship. Because of lack of 
cooperation by the patient it was impossible to earn- out thorough treatment 
01 the infection of the urinaiy tract ‘ atment 

Case 3,--C. L., a man, aged 66, had been under treatment ffkr ^ j- 

h.id ken incised in 1917. On Nov fS tota . i.- ^ ^ 

periormed. His subsequent cliniwl record is summarizerin''cErt?^'?X 
tni operation septic fever developed, and the blood culture taken 
yieWcii colon bacilli. On December 2 the patient was dvspneir The c 

b«,r\E 
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Uood pressure ^vas 120 systolic and 57 diastolic, and the pulse rate varied from 
lUO to 135. Coarse rales, squeaks and rhonchi were heard over both lungs, and 
the squeaks were much diminished after injection of epinephrine. There’ was 
evidence of marked arteriosclerosis. A second blood culture taken on December 3 - 
yielded about 100 colonics per cubic centimeter. Bacteriophage therapy was 
requested on December 4 and promptly initiated by an intravenous injection of 4.3 
cc. of a 1 ; 10 dilution of the stock asparagine preparation of colon bacteriophage 
at 10:04 a. ni. This was followed by the administration at II: 12 a. m. of 1 cc. 
of the undiluted phage intravenously and at 12 : 13 p. m. of 2.1 cc. of the undiluted 
phage intravenously. On December 5 he was given an intravenous injection of 
1 cc. at 8; IS a. m. and another of 1.2 cc. at 4:05 p. m., which was followed 
twenty-five minutes later by a chill and a rise of temperature to 103.8 F. at 
5 p. m., profuse diaphoresis at 9 p. m. and a drop of temperature to 98.4 F. at 
midnight. On December 6 he received an intravenous injection of 1.2 cc. of the 
stock asparagine preparation of bacteriophage at 8:35 a. m. and at 5:10 p. m. 

1 cc. of a newly prepared specific bacteriophage in asparagine, representing the 
filtrate of the b'sed bacterial culture isolated from bis own blood stream. On 
December 7 he received 1.2 cc. of the specific phage intravenously at 7:45 a. ra. 

A blood culture was taken at noon, and at 3:55 p. m. another intravenous injection 
of 2 cc. of the specific bacteriophage was given. On December 8 the many colonies 
already appearing in the blood culture of the preceding day indicated the futility 
of the bacteriophage treatment up to that time. Five intravenous injections of the 
specific bacteriophage were given on this day ; 2.5 cc. at 8:05 a. m., 3 cc. at 
12 : 35 p. m., 4 cc. at 1 : 42 p. m., 5 cc. at 3 ; 06 p. m. and 8 cc. at 4 : 45 p. m., making 
22.5 cc. for the day. He was also given a transfusion of 400 cc. of blood at 5:24 
p. m. A slight chill at 8: 15 p. m., with a rise of temperature to 102.8 F. at mid- 
night, may have been related to the transfusion or to the bacteriophage or to both. 
On December 9 the condition was clinically so critical that the dosage of bacterio- 
phage was further increased ; 9.7 cc. at 8 : 15 a. m., 9.1 cc. at 9:35 a. m., 10 cc. 
at 10: 45 a. m., 10 cc. at 12: 30 p. m., 15 cc. at 2; 58 p. m., 10 cc. at 4: 13 p. m. 
and 12 cc. at 5 : 34 p. m., making a total of 75.8 cc. for the day. There was no 
evident chill or significant rise in temperature which could be ascribed to these 
intravenous injections, and the general condition remained unsatisfactory. There 
were labored respiration, an irregular pulse and increasing edema of the extremities 
and trunk. On December 10 he received four intravenous injections of specific 
bacteriophage: 11 cc. at 9:20 a. m., 12 cc, at 11:55 a. m., 12 cc. at 3:20 p. m. 
and 10 cc. at 5:20 p. m., making a total of 45 cc. for the day. Through some 
misunderstanding the subsequent prescribed doses were omitted until after mid- 
m’ght. Two doses of 10 cc. each were then given, one at 1 a. m. and the next 
at 3 a. m. Respiration ceased at 9". 14 a. m. The blood culture taken at 11:45 
a. m. on December 10 yielded 26 colonies per cubic centimeter of blood, and the 
bacteriophage was recovered from the broth of this blood culture. 

Case 4. — A. C. T., a white woman, aged 25, was admitted to the service of 
Dr. Eugene Dalton at the Methodist Episcopal Hospital in Brooklyn on Dec. 31, 
1932. We are indebted to the house physician. Dr. Hugh K. Miller, for the rec- 
ords. The patient, married in July 1932, was at the end of the fourth month^ of 
her first pregnane}^ which had been free from disturbances except for morning 
sickness on one day in October, incontinence of urine since July and frequency 
of micturition since August, with nocturia, the patient urinating three or four 
times each night, up to December 26. On this day she began to have headac e 
and severe vomiting, which became continuous. On December 29 she began to 
cough. Examination of the urine before admission revealed pus cells. On admis- 
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S“ "ThTbS cnt Z.od 15^500 4ite cells cvith 91 per cent polymorpta- 
taken on Januarj' 5 showed abundant colon bacilli the next daj. A tranJusio 



01 300 cc. of blood was given on Januan' 6; one of 300 cc. on January 11; one 
01 ojO cc. on Januarj- 28, and one of 250 cc. on Februan- 24. Bacteriophage 
treatment was begun on Januari- 9, on which day four intravenous injections of 
the asparagine preparation were given, the total amount being 2.7 cc. The intra- 
ycnous adnunistratimi of bacteriophage was continued in smaller doses everv- dav 
unt. Fcbrriary S. The reaction of the urine was adjusted, beginning on Januan- 
. )\ oral administration of potassium citrate, controlled bv dailv determintjf ' 

C- .c centimeter, oi tbe broth preparation oi bacteriopliaee diluted with caf 
tJntrer. tear tntredneed into the bladder on January 17," is" a.d ^“,3 











ARCH IVES OF SURGERY 


?-i6 

pliagc was iiitrocliicccl into the left renal pelvis on February 7. The clinical chart 
suggests lliat these local applications were not particularlj'- beneficial to the patient. 
'I he blood clieniistry revealed no abnormalities at any time. The most extreme 
leukocytosis was observed on January 28, when there were 30,700 white cells and 
SO pet cent polymorphonuclears together with 12 per cent metamyelocytes. A 
blood culture taken on January 23 and another taken on January 27 remained 
negative. 1 he urine cultures, however, remained persistently positive for colon 
bacilli on January 10, 13, 16 and 26 and February 1. A roentgenogram on January' 
24 revealed slight enlargement of the left kidney. 

Because of the persistent urinary infection and absence of other serious disease, 
the patient was transferred to the urologic service in the same hospital on February 
7, in good general condition. A pyelogram made on February 7 revealed dilata- 
tion and kinking of the left ureter, dilatation of the left renal pelvis and question- 
able evidence of a calculus in the left kidney; on the right side there was slight 
dilatation of the ureter and the renal pelvis. Urine from the left ureteral catheter 
gave a growth of colon bacilli, as did that from the bladder. Urine from the 
right ureteral catheter was negative on culture. Bacteriophage was introduced 
into the left renal pelvis on February 7 after the specimens had been taken. 
Ureteral catheterization on February 11 showed sterile urine coming from both 
renal pelves, but the bladder urine still contained colon bacilli and an excessive 
number of leukocytes. 

On February 21 the patient tvent into labor. A boy was delivered at 12:10 
a. m. on February 22 and died at 1:22 a. m. After an uneventful puerperium, the 
patient was discharged from the hospital free from symptoms on March 5. 

The patient came to the laboratorj' at the New York Post-Graduate Medical 
School and Hospital on March 30, and we obtained a satisfactory uncontaminated 
specimen of urine from the bladder. This contained moderately numerous pus cells 
and rod-shaped bacteria, and cultures of it revealed 15,000,000 colonies per cubic 
centimeter. The organism proved to be a colon bacillus of the communis variety, 
similar to that obtained in the earlier blood cultures. It was recommended to 
her phj'sician that an attempt to eradicate the infection from the urinary tract 
be undertaken. The patient was free from distressing symptoms but appeared 
rather thin and weak at the time of her visit. Apparently she, as well as her 
relatives, wished to postpone further treatment for a time. 

Case S. — This patient was in the Morrisania Hospital, service of Dr. Clarence 
H. Smith. Repeated positive blood cultures were obtained. A radical operation 
on the mastoid with removal of a septic thrombus from the lateral sinus and from 
the jugular vein revealed in these situations the same colon bacillus as was found in 
the blood stream. The colon bacteriophage was given by intramuscular and intra- 
venous injection and by local application to the wound. The patient died about 
June 14; The autopsy revealed extensive pneumonia and purulent pyelitis. Further 
details in regard to this case are not yet available. 

COMMENT 

From this rather limited experience we feel justified in urging the 
intravenous use of an asparagine preparation of colon bacteriophage in 
colon bacillus septicemia. In four of these cases the microbe present in 
the blood stream was found to be susceptible to lysis by our stock colon 
bacteriophage. In the fifth case (Dr. Smith’s) the bacteriologic studies 
were carried out elsewhere, and we did not have opportunity for ade- 
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quate study of the infecting microbe. These findings suggest that 
organisms of this group virulent enough to produce septicemia arc in 
general more likely to prove susceptible to bacteriophage than those 
found in the intestine or in the urinary tract. Whether there is an 
actual correlation between the virulence of the microbe and its suscep- 
tibilit}' to bacteriophage cannot be decided from this evidence alone, but 
the suggestion appears to be of some interest. 

It seems wise to begin treatment with a stock bacteriophage as soon 
as the specific nature of the organism in the blood culture has been 
recognized. At the same time, the testing of this culture against the 
bacteriophage and the preparation of a specific bacteriophage by filtra- 
tion of lysed cultures of the specific microbic strain should be pushed 
as rapidly as possible in the laborator)^ and as soon as such a specific 
preparation is ready it should be used in place of the stock bacteriophage. 

SUMMARY 

Septicemia due to the colon bacillus is a disorder of sufficient gravity 
to invite effective cooperation in its treatment. 

The control of the bacteremia appears somewhat easier in the case of 
the colon bacillus than in the case of the staphylococcus. 

Of the five patients obsen^ed, one made a complete recovery; two 
recovered from the bacteremia and left the hospital with persistent 
bacilluria, and two died. 

Bacteriophages potent against colon bacilli may, according to our 
limited experience, be of some assistance in the treatment of colon 
bacillus septicemia. 



IV. BACTERIOPHAGES IN CHRONIC COLITIS OF 
UNDETERMINED CAUSATION AND IN 
INTESTINAL FISTULAS 

WARD J. AIacxNEAL, M.D. 

FRANCES C FRISBEE, A.B. 

AND 

iVARTHA APPLEBAUM, A.B. 

NEW YORK 

In an earlier paper we emphasized the need of specific etiologic 
diagnosis as a prerequisite for the intelligent use of bacteriophages in 
the treatment of infections. This point of view requires no defense. It 
is well, however, to recognize that human disease may not infrequently 
present a problem which defies satisfactory scientific elucidation and 
that the physician may be required to assume the responsibility for the 
treatment of a patient whose disorder is only imperfectly understood. 

^¥e feel that some apolog)’ is required as an introduction to the 
discussion of the application of bacteriophages in the treatment of the 
often obscure, nonspecific types of chronic inflammation of the large 
intestine and of fistulous tracts through which are passing the multi- 
tudes of intermingled micro-organisms and heterogeneous remnants 
of food in the human feces. In some instances it may be possible to 
recognize among the microbes an individual species of outstanding impor- 
tance in the causation of the active infectious process, as for example 
Shigella dysenteriae, the endameba of dysentery or the tubercle bacillus. 
Certainly the search for these specific causative agents should not be 
neglected, and when one or the other is detected this knowledge becomes 
paramount as a guide in combating the disease. Unfortunately, par- 
ticularly in the bacillary dysenteries, the original specific microbic agent 
is detected with difficulty after the first few weeks or even after the 
first week of the disease. Apparently its numbers are greatly reduced, 
and it appears reasonable to assume that the continuing inflammatory 
process is caused in part by secondary invaders, intestinal bacteria ordi- 
narily harmless to the intact intestinal wall, but injurious to the deepei 
structures after the integrity of the protective epithelial covering has 
been disturbed. The varieties of colon bacillus and staphylococcus appeal 

These studies have been aided by a grant from the Josiah Macy Jr. Foundation. 

From the Department of Pathology and Bacteriology, New York Post-Graduate 
Medical School and Hospital, Columbia University. 
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of theni it may te possible to change conditions at the site of the lesions 
so that the balance may be tipped in the direction of healing. On ideas 
such as this one attempts to base an excuse for the empirica use of 
bacteriophages in nonspecific intestinal inflammations and fecal fist m 
and in such argument to find a reason for the occasional success whici 
follows the treatment. But even in the absence of a logical explanation 
or excuse a favorable factor in the treatment of an afflicted human being 
makes an emotional appeal which may defy intellectual opposition, a 
situation which gives long life to quackery and charlatanism. Wc are 
conscious that the case records to he presented may expose us to some 
unfavorable criticism on this score, which does not, however, give us 
great concern. 


r'TJ-DA'KTTr' AAT T'TTC 


We have records of fourteen patients who suffered from stubborn 
disease of the alimentary system, diagnosed as chronic colitis and treated 
with preparations of bacteriophage. In seven there was definite clinical 
improvement. In six the result of treatment has not been reported to 
us. One patient who is under observation was treated with bacterio- 
phage for several months with little or no evidence of relief. Few of 
these patients have been under observation in the hospital, and on that 
account the records lack detail and precision. The available records 
of four of the more fortunate patients will be briefly presented in order 
to illustrate the methods of application of the bacteriophages and the 
course of the disorder. 


REPORTS OF CASES 


Case 1.— E. S., a boy, aged 9H years, a patient of Dr. Saul J. Selkin, was 
suffering from persistent diarrhea. The hemolytic colon bacillus of the variety 
communis was found predominant in the stool on Feb. 25, 1932, and after three 
serial fiUrations a bacteriophage became fairly potent against tliis bacillus. The 
b.ictcriophage filtrate was mixed with other bacteriophages active against dysenterj-, 
protcus and pyocyaneus bacilli. The mixture was given by mouth three times a 
in doses of 2 cc., and as retention colonic irrigation in doses of 10 cc. every 
lorty-cight hours for a period of approximately two weeks. The patient was then 
much unproved and returned to school. Subsequently he became entirely well 
further imonn.-UiQn m regard to this patient is not available. 


a patient oi Dr. 1 F. Henderson of Xcw Castle, Pa., had suffered from intractabl 
rears. She had been under the care of ^vtr^ous specialist 

dosefcf •> 'cc On Mnrr^ bacteriophage to be taken by mouth i 

ni ixty.ri - ^1 , . • ® received a specimen of the stool the cultun 

viuch >..e!dal predominant colon bacilli of the lactic acid variety, streptocotl 
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producing a narrow zone of hemolysis on blood agar and enterococci. The physi- 
cian reported clinical improvement on April 4 and again on April 13. By April 25 
the girl had gained 5 pounds (2.3 Kg.), and the number of stools was now two 
or three a day instead of from ten to fourteen a day. The bacteriophage was 
discontinued for one week, and the frequency of defecation again increased, the 
number of stools reaching ten a day. With resumption of the bacteriophage therapy 
a decrease occurred to two stools a day. The bacteriophage treatment was con- 
tinued until the last of August, when it was stopped. During this time the girl 
was in better general health than at any time in eight years. In March, 1933, the 
physician reported that for the first time in her life the girl had attended school 
regularly since the previous fall and had gained 17 pounds (7.7 Kg.). She con- 
tinued to take bismuth daily and was also taking cod liver oil. Dr. Henderson 
ascribes the improvement chiefly to the use of the bacteriophage. His judgment 
commands respect because of his intimate knowledge of the case over a period 
of many 3 ’ears. 

Case 3. — S. K., a white boy, aged 2 j’ears and 5 months, was admitted on 
Aug. 4, 1931, to the service of Dr. R. H. Dennett. The child was born March 20, 
1929, was breast fed for ten months, and developed in a normal manner until 
July 31, 1931, when he suddenly became ill with vomiting, diarrhea, restlessness 
and fever between 102 and 105 F. On the day preceding the onset of illness, the 
child ate si.v tomatoes, some corn and other foods. Bacteriologic examination of 
a stool passed on August 6 failed to disclose any dysentery organisms. The most 
abundant bacteria in the cultures were staphylococci, diphtheroids and colon bacilli 
of the lactis-aerogenes variety. On August 20 and 24 an examination for amebas, 
intestinal worms and eggs of worms yielded negative results. Many pus cells 
were present in the stools. A specimen obtained from the rectum by proctoscopy 
on August 31 yielded, on culture, predominating streptococci producing green 
colonies on blood agar. There were also abundant colon bacilli of the lactic acid 
and lactis-aerogenes varieties. The specific microbic factors in the illness were 
not disclosed by these laboratory studies. 

The course of the temperature and pulse rate and number of stools each day 
are shown in chart 1. The child did not progress for the first five days. On 
August 8 a transfusion of 200 cc. of blood was given at 10 ; 25 a. m. ; at 3 p. m. 
on the same day broth of a bacteriophage mixture, 10 cc., mixed with milk, was 
given bj' mouth and a small retention enema containing 10 cc. of the bacteriophage 
mixture was introduced into the colon. The mixture was of the shotgun variety, 
composed of antidysentery bacteriophage, 2 parts, anticoli bacteriophage, 6 parts, 
and antiproteus, antistaphylococcus, antistreptococcus and antipyocyaneus bacterio- 
phage, each 1 part. The material given by mouth was retained, but the enema 
was almost immediately expelled although the patient was in a bed set in the 
position for shock. In fact, the enema evidently irritated the sensitive mucous 
membrane of the rectum, which was already slightly prolapsed, so that the number 
of stools on this day rose to sixteen. However, improvement in the clinical con- 
dition of the patient and in the temperature and pulse rate seemed to begin 
immediately. On August 9 the bacteriophage mixture was again given by mouth 
in the milk : 10 cc. at 10 a. m. and again at 3 p. m. A retention enema containing 
10 cc. of the bacteriophage mixture was again quickly expelled. Subsequent > 
the bacteriophage was given only by mouth. The stools, previously watery an 
green or brown, showed some improvement, being at times yellow and occasiona j 
semiformed, with visible mucus. However, the diarrhea continued, although t ic 
general condition of the child improved. Bacteriophage therapy was discontmucc 
on August 26, and on August 27 the feeding formula was limited to evapora cf 
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milk exclusively, which was supplemented with zwieback on September 5 and 
farina on September 7. After September 1 the diarrhea disappeared, and the 
patient was dlcharged in good condition on September 21 He returned to the 
outpatient department once a month until May, 1933. and dunng tins mterval had 
remained in good condition, with only occasional colds in the head. 

Case 4— H. G., a white woman, aged 47, unmarried, was admitted to the 
Long Island College Hospital on Dec. 19, 1930, to the service of Dr. L. F. Warren.' 
Diarrhea and weakmess had become progressively worse during the preceding three 
weeks. The weight on admission was 113 pounds (51.3 Kg.), which had been the 
normal weight. Examination of the stools for Endamoeba and for dysentery bacilli 
gave negative results ; an abundance of pyocyaneus bacilli was found. Camphorated 
tincture of opium and acetyltannic acid and later acidophilus milk were given by 
mouth. Rectal irrigations of silver nitrate, 1:3,000, and plain water were also 



Chart 1 (case 3).— The course of the temperature (T), pulse rate (P) and 
number of stools (DBF) each day, and the amount and time of administration 
01 bacteriophage and transfusions of blood. 


administered. Uncontrolled diarrhea continued witli from four to thirty liquid 
5 ools a day, and the patient continued to lose strength and weight. Sores from 
pressure were present on the buttocks. On December 27 the patient was delirious 
. net defecation was involuntary. On December 28 abdominal distention and edema 
on DeceXir^’^'l ^ transfusion of blood given at 4 p. ni., 

5 3rn ^ n ^ continued to 

passed five in ” 0 !^^ T f moribund. She was delirious and 

December 31 die pulse^a^L "r'iew """ 

cocci anrfome''^StierorsTe bacilli, staphylo- 

b Dr. Warren provided the record of the course of this patient. 
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Subsequently it was given once, twice or three times a day, with the exception of 
the period from January 4 until January 6. The same mixture of bacteriophage 
was introduced into the rectum on January 1, 2, 3 and 5, but it was expelled very 
soon in each instance. The rectal mucous membrane appeared to be very sensitive. 



Qiart 2 (case 4). — The course, including temperature and pulse rate, and the 


administration of bacteriophage. 


On January 7 bacteriophage potent against proteus bacilli was added to the mixture 
and was given bj' mouth twice on January 7 and twice on January 8. Definite 
clinical improvement took place during this time. Tlie stools, which had een 
watery, now became mush}’ or even partly formed. A clinical note dated January 
said that the patient looked better. Up to this time she had received sixteen treat 
ments with the original mixed bacteriophage and nine treatments with that con 
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a. p™..,s tacurioppape = and 

on Docembtr 29 and January 3 and 9 wc ' 

Chills also followed the later transfusions on Februarj o, 13 ana it. 

Apparently there was a cotnpV.catins infection of the upper respiratory tract 

”'’°GaiiTLnEth avaa very sloy. The ireqnency of detotion hj' 

the stools became less liquid and of smaller volume. A culture of coon bacli 
was introduced into the rectum on Ivlarch 2 and ^larch 3. The patient uas d - 
charged from the hospital on March 27, 1931. In a letter dated June 6, 931, he 
patient reported that she felt well and had a good appetite, but still had trouble 
with her bowels, "expelling gas and squirts during the day as many as eight times, 
but at night maybe once or twice.” 


TAHE^5TS l:S-IESTi>tAE EISTUEA 

In conjunction with, these cases of chronic colitis it seems proper to 
present the summarized records of two patients, in each of whom a fecal 
fistula developed following difficult surgical treatment of a complicated 
disease of the pelvis. In each of these the use of bacteriophages seems 
to have been one factor in changing an apparently progressive downward 
postoperative course into a rather discouraging state characterized by 
lack of progress in either direction, vvhich was finally transformed into 
slow improvement and eventual restoration to health. The complete hos- 
pital records of these patients are available, and exemplify the behavior 
of patients suffering from mixed infection with intestinal bacteria when 
treated noth bacteriophage. 


Case 5. — J. F., a white woman, aged 44, was admitted on July 19, 1931, to flie 
service of Dr. John F. Erdmann. In 1916, after a repair of the perineum and 
suspension of the uterus, the patient had been informed that she had a tumor in 
the pelvis situated between the rectum and the spinal column. This caused no 
discomfort and was neglected until May, 1930, when, following a cold, there 
was retention of urine requiring catheterization. From July to October, 1930, the 
patient received some roentgen treatment. On July 21, 1931, a laparotomy was 
performed which lasted ninety minutes. Included in the operation were subtotal 
hysterectomy, bilateral salpingo-oophorectomy, removal of a partly disintegrated 
tumor posterior to the rectum and involving the left ureter, implantation of the 
left ureter into the bladder at a new site and incision between the coccyx and the 
anus for the removal of part of the disintegrating tumor mass and for drainage of 
the pelvic caritj-. There were multiple fibroids of the uterus. The disintegrating- 
tumor m the back of the pelvis was regarded at the time of the operation as a 
maUgnant process. Subsequent study in the laboratoiy failed to disclose evidence 

»' 

The postoperative course u-as stormy. There was blood in the urine on July 2^ 
and frequent vomiting occurred. On July 30 there was a foul odor from' the 

wade by Dr. Warren. It does not check exactlv ivith 
^ ‘d on \\\t chart, but the latter may be erroneous. 
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m Ao^st S revealed mixed Meclion. The dommaet msamsm. m the plalc 
cultures were colon bacilli oi the lactic acid variety, staphylococci and paracolo. 
bacilli. It was possible to find potent bacteriophages for the colon bacillus and the 
staphylococcus, but not for the paracolon bacillus. , 

On August 6 a broth-bacteriophage mixture active against the colon bacillus and 
the staphylococcus was introduced into the abdominal wound ^and once, twice or 
three time a day thereafter until September 4. On August 7 there was a cr.ill 
lasting for twenty minutes. A blood culture taken at this time remained negative. 
Transfusions of blood were given ; 500 cc. on August 12 and 250 cc. on September 2. 
Cultures of the urine on August 21 revealed colon bacilli of the lactic acid variety, 
staphylococci and paracolon bacilli in abundance. The paracolon bacillus was 
evidently playing an important role. Unfortunately we were unable to find a 
bacteriophage iiotent against it. Cultures from the wound on September 1 yielded 
a colon bacillus of the lactic add varieti' and Bacillus pyocyancus. Neither of 
these was susceptible to bacteriophage races in tlie laborator)’. Another culture 
from the wound on September 11 yielded Escherichia acidi-lactici, resistant to 
our bacteriophage races, and an enterococcus in the broth culture. In spite of these 
unpromising laboratory findings, the mixed bacteriophage was again applied to the 
abdominal wound daily from September 12 to September 15. On September 16 
a transfusion of SOO cc. of blood was given. The patient was now out of bed 
daily until discharged on October 18. 

In this patient the fistulous tract apparently communicated with both the 
intestines and the bladder. Urine was observed on the abdominal dressing repeatedly 
from July 31 to September 28, and fecal material from August 2 to September 26. 
After September 28 neither of these was again recognized on the dressing. 

Case 6.— -C H., a white woman, aged 34, a patient of Dr. Eilif C. Hanssen. 
was admitted on June 29, 1931. Colpotomy was performed on July 1, the incision 
opening into a large pelvic abscess. Bacteriologic examination of the pus from 
this abscess revealed Streptococcus viridans and a gram-positive anaerobic bacillus, 
not further identified. After improvement for two or three davs the clinical con- 
dition again became unsatisfactory, and on July 6 there was 'a chill lasting for 
twenty minutes, with a rise of temperature to 1062 F. A blood culture taken at 
tins tune remained negative. Streptococcus serum, 30 cc., was given on the evening 
os July 6 and a transfusion of 500 cc. on July 7. 

On July 10 fte abdomen was opened by incision in the midline, and an intected 
papillary- cyst of the right ovary was aspirated and partly removed. Because of 
dense a&esions, part or the wall of the cyst was not excised. Drainage was 
Kfabhshed teough the abdominal wall as well as through the vaginal vault Bac- 
tcnologic study of the contents of the cyst revealed colon bacilli of the lactis- 

^ streptococci. Histologic studv of the cyst 

•all showed It to be an ovarian papillary cystadenoma. Followin<-’the oneraSon 

£7r ■ 7 
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July 20. Urticaria appearing on July 21 and 22 may have been related to the dose 
of streptococcus serum given on July 6, although fifteen days had elapsed. 

Bacteriophages were employed for the first time on July 25. On this day a 
specimen of exudate from the abdominal fistula was taken for bacteriologic study, 
and then, without awaiting the results of this examination, a broth mixture of 
stock bacteriophages potent against the colon bacillus, staphylococcus and strepto- 
coccus and B. pyocyaneus was employed to irrigate the sinus. On July 26 the 



Chart 4 (case 6). — The course, including temperature and pulse rate, and the 
administration of bacteriophage. 

fistulous tract was again irrigated with the same bacteriophage mixture, and 25 cc. 
of it was introduced into the bladder by a catheter and left there. On July 27 the 
fistulous tract was irrigated with 25 cc. of the bacteriophage mixture, and the 
mixture was introduced into the bladder in amounts of 25 cc. on July 29, 30 and 3 
A subcutaneous dose of 0.5 cc. of the broth-bacteriophage preparation was given 
on July 26. There was a slight febrile reaction, apparently related to the sub- 
cutaneous injection. By July 29 there was distinct evidence of improvement in 
temperature, pulse rate and clinical condition. 
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The speeimen of esoto if J 

;sri o.,..- 

%roS:w«Lri"ird,,..e b. i^d bce„ ..„.cd «„ j* 25. 

,„d teie o?,hU agenr,,s adi.eted so as 10 keep the urine nearly ncMral ,,, 

reaction. Red and blue litmus paper, pbenolsulphonpbthalcin and 

with suitable comparators, were employed to test the reaction of^ ic ” • 

On August 4 the use oi the newly prepared bacteriophage specific for the colon 
bacillus in the bladder was initiated. Five instillations of 10 cc. of the preparation 
were given into the bladder on August 4, 5, 6, 11 and 12, respectively. Five sub- 
cutaneous injections of the same preparation were also given : a dose of 0.5 cc. on 
August 5 and again on August 8 and doses of 1 cc. each on August 9. 11 and 1- 
The bacteriophage preparation of mixed stock was employed to irrigate the fistulous 
tract on August 11 and 13 and again on August 25. 

Bacterial counts on urine from the bladder showed 276,000,000 per cubic centi- 
meter on August 5, 7,400,000 on August 6, 162,000,000 on .August 11, 72,000,000 
on August 12 and 327,500,000 on August 24. The predominating organism in the 
last specimen was a colon bacillus of the lactic acid variety which was only par- 
tially susceptible to the bacteriophage used. 

The clinical course was that of gradual improvement. Fecal material was 
recognized on the dressings of the abdominal wound on August 4 for the last 
time. After August 12 the temperature was always below 100 F. until the patient 
was discharged on August 31. The sinus in the abdominal wall was still secreting 
a small amount of exudate on August 31. On Oct. 21, 1931, she was seen by 
Dr. Hanssen. She had gained 20 pounds (9.1 Kg.) and the sinus was almost 
healed. On May 11, 1933, in response to a follow-up inquirj-, she reported herself 
as well and steadily at work. The physician in attendance and those who saw 
this patient in consultation have expressed conviction that the bacteriophage therapy 
was of distinct service in this case. 


COMMEKT 


In the introductory paragraphs we expressed some diffidence about 
presenting the records of these patients, because it seemed to us that a 
claim of a favorable effect of treatment by bacteriophage in these cases 
rests on evidence distinctly less convincing when compared with the 
obsen-ations on septicemia and on infections of the urinary tract. The 
problem of mixed infections presents complex difficulties to the bacte- 
nologist who has been trained to a wholesome skepticism based on the 
postulates of Henle and of Koch. 


_ The apparent favorable influence of the preparations of bacteriooliaee 
>n these patients may have resulted: (1) from an actual destructive 2d 
e training influence on the infecting microbe; (2) from a psychic 

thouXt'or"^ ^ emotionally influenced by the 

a nnstenous agent which is capable of seekine out anrl 

‘0 Ze p‘eS 

»•«! .kotc cmln„„st.c gener.-,! dWeal care by the physician beamra 
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problematic and interesting new therapeutic agent had been made avail- 
able. We are inclined to think that all three of these factors may play 
a part in the ultimate outcome of a case. Especially important is the 
enthusiasm of the clinician who is actually at the bedside. If he is 
not interested and does not welcome the aid of the bacteriophages it is 
easily possible to fail in the treatment. 

As far as we have observed, the use of preparations of bacteriophage 
by mouth or by injection into fistulous tracts is without untoward effects. 
On the other hand, there is some evidence to indicate an irritant effect 
when these are introduced through a colonic tube into the inflamed 
intestine, and there is convincing proof that local irritation and a general 
rise in temperature may follow subcutaneous or intramuscular injection. 
In the group of cases reported in this paper serious untoward effects 
which could be ascribed to the use of the bacteriophages were not 
observed. 

SUMMARY 

The empirical use of preparations of bacteriophage potent against 
some of the intestinal microbes has been followed by favorable results 
in patients suffering from chronic colitis of undetermined causation. 
Because of the evident harmless nature of this therapy, it would appear 
worthy of trial in this sometimes baffling condition. Postoperative intes- 
tinal fistulas infected with a mixture of intestinal bacteria have been, 
in two instances, favorably influenced by the use of bacteriophages active 
against the intestinal bacteria. 

The therapeutic results are not dramatic. The bacteriophages seem 
rather to exercise a merely beneficent influence on the course of the 
essentially chronic ailment. 
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AVe have recently observed a recurrence o£ vascular ^ spasm alter 
complete sympatbectomy in a number of cases o£ Raynaud s disease , in 
two instances tbe recurrence appeared within two Nveeks after the opera- 
tion. In 1905 Elliott" showed that in animals structures innervated by 
the sympathetic nervous system become sensitized to epinephrine after 
denen'ation, and the theory was recently emphasized by Rosenblueth 
and Cannon.- We have carried out a series of experiments on human 
beings and on animals, the results of which are given in this communica- 
tion and which we believe show that recurrence of vascular spasm after 
complete sympathectomy, in man as well as in animals, is probably due 
to sensitization of the sympathectomized extremities to epinephrine. 

Sympathetic ganglionectomy for vascular disease of the extremities 
has been performed in seventy-five cases by tbe members of the clinic 
tor circulator)' diseases of the Massachusetts General Hospital. The 
great majority of these operations have been performed for vascular 
spasm, although we have operated on a few patients with underlying 
obliterative vascular disease in whom the element of vascular spasm 
was striking. 

The immediate results have been very satisfactory',® but the same 
cannot be said of the end-results.^ We have found the beneficial effect 


From the surgical seivices of the Massachusetts General Hospital. 

Dr. Bradford Cannon and Dr. Henry Heyl assisted in carrying out the tests 
in a number of the cases studied. 

1. Elliott, T, R.; The Action of Adrenalin, J. Physiol. 32:401, 1905. 

2. Rosenblueth, A,, and Cannon, W. B.: Studies on Conditions of Activitj' in 
Endocrine Glands; Some Effects of Sympathin on the Nictitating iMembrane 
Am.J. Physiol 99:393 (Jan.) 1932. 

r, J- E^^Periences with Sympathetic Ganglionectomy in 

1 enpheral Circulatorj- Disease, New England J. Med. 204:832 (April 23) 1931 • 
(!») Rax-naud’s Disease: Studies on Post-Operative Cases Bearing on the 
n-tncicncy of Sympathetic Ganglionectomy, ibid. 206:1198 (June 9) 1932. 

In- e Obtained in the Treatment of Rajmaud’s Disease 

Si-mpathetic Neurectomy and in Thromboangiitis ObKterans by Desensiti- 
A.I ion ot Peripheral Sensoiy Nerves, Ann. Surg. 96:867 (Nov.) 1932. 
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of lumbar ganglionectomy to be more permanent than that of dorsal 
ganglionectomy. To eliminate vascular spasm in the vessels of the lower 
extremity, we have attempted to remove the lumbar trunk from above 
the second to below the fourth lumbar ganglion. In the majority of 
instances, we have removed a portion of the chain which included three 
ganglions, probably the second, third and fourth lumbar. 

At first we believed in common with others that to sympathectomize 
the upper extremity it was sufficient to remove the first and second or 
even the second and third dorsal ganglions. The immediate results 
seemed equally satisfactory, but in the course of from six months to a 
year, a recurrence of varying degrees of vascular spasm was frequently 
observed. We believed that this was either because efferent vasocon- 
strictor impulses were reaching the vessels through pathways which had 
not been interrupted, or because regeneration of nerve fibers occurred. 
In a number of these cases further surgical intervention has been 
resorted to when it was possible to demonstrate by paravertebral procaine 
hydrochloride block or by other methods that there remained a definite 
connection between the cervicodorsal sympathetic ganglions and the 
cords of the brachial plexus. After this connection had been interrupted, 
there followed a striking rise in peripheral surface temperature and 
other evidence of a complete sympathectomy in the extremity. As a 
result of these secondary operations, we have arrived at the belief that 
in order to sympathectomize the upper extremity it is necessary to 
remove the sympathetic chain from above the inferior cervical ganglion 
to below the second dorsal ganglion. This technic has been followed in 
all our cases during the past year and has recentl}^ been reported in 
another communication.® 

Following this more complete operation, we have repeatedly noticed 
the reappearance of vascular spasm at varying intervals. In some 
patients spasm could be produced by exposure to cold, in response to 
pain and following emotional stimuli. Another patient was symptom- 
free for nine months after sympathectomy of both upper extremities, 
and then vascular spasm developed which resulted in mild gangrene of 
the tips of two fingers of each hand during the tenth month (fig. 1). 
This patient’s history revealed that during that month she had been 
caring for a sick relative and had been much upset emotionally. Fur- 
thermore, the original appearance of vascular spasm dated from the 
sudden death of her husband nearly five years previously. 

These patients, as well as others, have been put through exhaustive 
tests which, we believe, have demonstrated that there has been a com- 

5. White, J. C.; Smithwick, R. H.; Mixter, W. J., and .Mien, A. W.: A 
New Muscle Splitting Incision for Resection of the Upper Thoracic Sympathetic 
Ganglia, Surg., Gynec. & Obst. 56:651 (March) 1933. 



SMITHJVICK ET AL.— RECURRENCE OF VASOSPASM 761 


piste interruption of the efferent sympathetic pathways to the extremities 
in question; this tends to prove that the recurrence of vascular spasm 
cannot be explained on the basis of either an incomplete surgical pro- 
cedure or regeneration of nerves. Progress of local disease might he 
offered as an explanation, but obviously the time element makes this 
solution highly improbable. The close association of the recurrent spasm 
with emotional stimuli followed b}’ periods of almost total absence of 
spasm strongly suggested the direct action on the blood vessels of the 
circulating hormone, epinephrine. That some patients are able to secrete 
sufficient epinephrine into the blood stream to produce vasospasm in the 
sympathectomized area is, we believe, shown by the following 
experiments. 



rig. 1 (c3sc 2 B T? C' . 

months after ganglionectomv 

had been symptom-free. In this instance the ’’ the patient 

spasm in the sensitized areas due to 'caused by 

m response to emotion. * increased secretion of epinephrine 


>''ine patients (listed in the tahto't 
«ud.ecl to determine whether their I - 

sensitized to epinephrine In each • extremities are 

procaine hydrochloride block and bv mh ^ 

--etuities in question ha^. been ^ffietel 
response to epinephrine (figs 2 and S') h rh The 

prolonged intravenous administration of T determined by the 

ride m physiologic solution of sodium chi epinephrine chlo- 

the rate of from 40 to 60 drl ^ = 250,000 dilution 



Sensitisation of Sympathectomised Extremities to Epinephrine 


Case 

So.v 

Age 

Diagnosis 

1. L. M. 

F 

39 

Vasomotor 
spasm with early 
periplierai 
arteriosclerosis 

2. B. E. 

F 

44 

Eaynaud’s dis- 
ease with 
scleroderma 

3. F. McV. 

M 

32 

Eaynaud's 

disease 

4. P. B. 

F 

27 

Eaynaud’s 

disease 

5. P. E. 

F 

20 

Vasomotor 

instability 

6. E. F. 

F 

19 

Idiopathic 

epilepsy 

7. S. T. 

M 

41 

Bronchial 

asthma 

S. M. MeG. 

F 

21 

Eaynaud’s 

disease 

9. E. tJ. 

M 

44 

Bronchial 

asthma 
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Figuie 2 Figure 3 

Fig. 2 (case 8, A. McG.) .—Raynaud’s disease. Typical response to intravenous 
injection of epinephrine three and one-half months after cervicodorsal ganglio- 
nectomy. This chart shows the degree of vascular spasm in the sympathectomized 
extremity as contrasted with the absence of vascular spasm in the normally 
innervated extremity. The circles and dotted line indicate the temperature for 
the denervated third finger of the right hand; the blocks and solid line, the tem- 
perature of the normally innervated third toe of the right foot. 

Fig. 3 (case 1, L. M.).— Raynaud’s disease. The test performed ten weeks 
after cervicodorsal and three weeks after lumbar ganglionectomy shows a typical 
response to intravenous administration of epinephrine. Note the degree o yascu 
spasm in both upper and lower extremities. The circles and dotted hne indicate tiie 
temperature in the denervated third finger; the crosses and dotted line, tue tem- 
perature in the denervated third toe. 
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In vien- of the fact that hypoglycemia has been shotyn to stimulate 
the iiSon of epinephrine in animals.- it seemed fatr to expect a 
stai reaction in huLn beings. The concentrat.on of epmephrmc 
in the circulating blood tvould presumably be “'"P™"’)' ‘ 

should therefore be accompanied by vascular spasm m the sjmp. ^ 
tomiaed area. This should result in a fall in surface temperature, tvh.cli 
was found to occur in every instance. A typical reaction of a sympat icc- 
tomized extremity during hypoglycemia is represented in figure . 

The acutely sympathectomized extremity (procaine hydrochloride 
block) reacts as does a normally innervated extremity (fig. 5) ; hence 



Fig. 4 (case 6, R. F.).— Typical reaction to secretion oi epinephrine in insulin 
hypoglycemia twelve days aiter a left cervicodorsal ganglionectomy. Note the 
vascular spasm in tiie sympathectomized extremity and the absence of spasm 
m the normal extremity; in fact, the temperature of the normal extremity rose 
f experiment. The spasm in the sympathectomized extremity- is similar 
to hat shown in figures 2 and 3, but the fall in temperature is more gradual 

mirjrarr" epinephrine in the blood is presumably 

ore gradual m response to hypoglycemia tlian when the substance is iniected 
d«ctly into the blood stream. The open circles and dotted line indiSe S 
t« m the denervated_ third finger oi the left hand; the Sid carets 
1 hue, the temperature in the normal third finger of the right hand. 


6. Cannon, VY. B.; ifciver. M. A., and Bliss S VY • A c: • 
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it is impossible to pi edict which patients will have a clinical recurrence 
of vascular spasm after operation. Figure 5 also illustrates the fact 
that the incompletely sympathectomized extremity is not sensitized to 
epinephrine. In this instance (table, case 4) a dorsal ganglionectomy 
had been performed three years previously in an attempt to sympathec- 
tomize an upper extremity for Raynaud’s disease. At that time the 
first and second dorsal ganglions, the intervening trunk and all com- 
municating rami over this extent had been removed. There followed 
a clinical recurrence of vascular spasm about one year after operation. 
We believe that this test enables us to prove whether or not an extremity 
is completely sympathectomized. 



Fig-. 5 (case 4, P. B.). — Raynaud’s disease. A, temperature of the third finger 
following incomplete sympathectomy of the right arm with reestablishment of 
vasomotor tone. B, temperature following acute denervation of the little finger 
of the left hand following injection of procaine hydrochloride into the ulnar nerve. 
C, temperature of the normal third finger of the left hand. The right hand, 
with reestablishment of its sympathetic connections, shows no sensitivity to 
epinephrine. The acutely denervated finger, in -svhich the sympathetic nerves are 
paralyzed but have not degenerated, shows complete vasodilatation, but no evidence 
of sensitization to epinephrine. 

At the present time, a series of experiments with animals is in 
progress to support our clinical data. The results so far are entirely 
in agreement with those noted in man. It has also been shown in cats 
and in rabbits that when the right suprarenal gland has been denervated 
and the left resected, vasospasm in the S3mpathectomized extremity or 
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in another communication,' 

COMMEXT 

During the intravenous administration of epinepiirine chloride 
(figs. 2 and 3) in high dilution. 1 : 250,000, there is a ra|..d fa 1 ... the 
surface temperature of the svmpathectomized extrenntj . , le 

time, the color of the extremity becomes definitely cyanotic particular y 
in cases in which some organic obstruction is present m the peripheral 
vessels. When the administration of epinephrine ceases there is a 
marked rise in surface temperature of the extremity, and the color 
becomes normal. The normally inner\'ated extremity shows compara- 
tively little change in surface temperature or color. Following procaine 
hydrochloride block the acuteW s 3 ’mpathectomized extremity docs not 
appear to be sensitized and reacts essentially as does the normally inner- 
vated extremity (figs. 2 and 5). The incompleteU’ sympathectomized 
e.xtremity (fig. 5) also reacts as does a irormally innervated cxtreniily. 

Insulin hypoglycemia (fig. 4) produces a fall in the surface tem- 
perature of the sympathectomized extremity which is similar to that 
which has been shown to occur with the injection of epinephrine. W e 
have interpreted this as further evidence to support the theory of 
Cannon, iilciver and Bliss ® that there is hypersecretion of epinephrine 
into the blood stream in this state. As far as the problem at hand is con- 
cerned, we believe that the reaction of the sympathectomized extremity 
to epinephrine administered intravenously and to insulin hypoglycemia 
is similar. This suggests that the vascular spasm which accompanies 
hypoglycemia is due to increased secretion of epinephrine into the 
patient’s blood stream. 


W'e believe that the completely sympathectomized extremit}’^ becomes 
sensitized to epinephrine chloride circulating in the blood stream between 
seven and eight days after operation (fig. 6). 

From a clinical point of view, it is impossible as yet to state the 
full significance of these findings. It is distressing, to say the least, 
to find a recurrence of vascular spasm within two weeks after an 
extremity has been completely s\-mpathectomized. tVe are not aware 
of the clinical return of vascular spasm as soon as this after what we 
now term an incomplete operation. In the earlier cases, recurrence of 
symptoms in from six months to a year rvas a frequent occurrence 
\Mtether vascular spasm due to the direct action of epinephrine on the 
blood vesse ls after sympathectomy will cause as severe symptoms and 


in ^ and White, J. C.: Adrenal Secretio 

1 ^ ftcaclions ot the Blood \essels of the Human Extremih- 

'> - ympathectomy, to Adrenalin and to .Adrenal Secretion Resultin.r from In 'T' 
HypoRlyccmia. .\m. J. Physiol. 107:3 (ilarch) 1934. Insuh 
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as marked circulatory insufficiency as the original disease (spasm due 
to efferent sympathetic impulses) remains to be seen. We know that 
it can produce gangrene of the tips of two fingers of each hand (fig. 1). 
Although we believe that all sympathectomized extremities will be 
sensitized to epinephrine injected intravenously, we do not believe that 
every patient will show a clinical return of spasm after an apparently 
complete operation. Two patients (table, cases 5 and 8) are completely 
sympathectomized, sensitized to epinephrine, but clinically cured. In 
cases 1, 2 and 3 there is marked clinical spasm, although in case 1 this 
spasm is much more noticeable in the tipper than in the lower extremities. 



Fig. 6 (case 9, R. U.). — Complete paralysis of the cervicodorsal sympathetic 
nerves after injection of alcohol for bronchial asthma. These charts illustrate the 
development of sensitization to circulating epinephrine. Sensitization of the arteries 
appears between the seventh and eighth days after the injection and is complete 
by the eighteenth day. The open circles and dotted line indicate the temperature of 
the denervated fifth finger of the left hand; the solid circles and solid line, the 
temperature of the normal fifth finger of the right hand. 

This spasm appears particularly in response to cold, but also in response 
to pain and emotional stimuli. The cold threshold seems to be slightly 
higher than it was before operation, and in general the spasm is less 
intense and more readily relieved b}'’ immersion of the extremities in 
warm water. This suggests that as far as possible the after-care of 
these patients should aim toward the production of a state of emotional 
stability. Freedom from worry and attempts to adjust psychologic 
problems are undoubtedly important. 
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From a surgical point of view, complete f ^ 

portion of the suprarenal glands, sympathectomy of both suprarenal 
alands or sympathectomy of one and excision of the other ^ 

Wion. We have performed the latter operation m rabbits and cats in 
order to prove that the influence of the suprarenal glands on be sym- 
pathectomized extremity can be eliminated. Whether this will be lol- 
lowed by some untoward effect on tlie animals or whether they will be 
able to lead a comparatively normal life after such an operation can 
be told only after sufficient time has elapsed. It is possible that the 
sympathetic nerve supply to the remaining suprarenal gland will regen- 
erate, and it is possible that the liver or some other organ can produce 
an internal secretion to take the place of epinephrine. In cither case the 
vascular spasm may recur. 


SUMMARY AXD COXCLUSIOXS 

1. The fact that in animals structures innervated by the sympathetic 
nervous system become sensitized to circulating epinephrine following 
sympathectomy has been shown by Elliott as well as by Rosenblucth and 
Cannon. Eiddence is presented in this report that human blood vessels 
become sensitized to epinephrine in the same manner following resection 
of sympathetic ganglions. 

2. Tests in a series of nine cases in man following complete sympa- 
thetic denen-^ation of extremities have shown marked vasospasm in the 
presence of minute quantities of epinephrine in the circulating blood. 
Thus the intravenous infusion of a 1 : 250,000 solution of epinephrine, 
an amount which causes little change in the normal extremity, is suffi- 
cient to lower the surface temperature of the denervated side as much 
as 15 F. Similar changes take place when the patient’s suprarenal glands 
are stimulated to secrete epinephrine by insulin hy'pogly^cemia. 

3. Identical vasospastic phenomena, which occur in sympathec- 
tomized cats and rabbits in insulin hy'^poglycemia, are abolished by supra- 
renal denen'ation. 


4. Tlus hypersensitization of the arteries to epinephrine takes place 
only on degeneration of the vasomotor nerv^es. It is not present after 
procaine hydrochloride block or during the first week after operation. 

We have found that it takes from seven to eight days for sensitization 
to appear. 


0. We believe ffiat this hypersensitivity to the circulating hormone 
epinepbnne, wWch develops in syunpathectomized extremities, constitutes 
a nibcrto unrecognized but important source of unsatisfactory results 
in Kaynaud s disease, 



STRUMA LYMPHOMATOSA (HASHIMOTO) ASSO- 
CIATED WITH HYPERTHYROIDISM 

REPORT OP A CASE WITH CLINICAL AND HISTOPATHOLOGIC STUDY 

DAVID POLOWE, M.D. 

PATERSON, N. J. 

The case of struma lymphomatosa which is the subject of this 
report derives its importance from the fact that it was associated with 
hyperthyroidism in a )foung woman. The few cases thus far reported 
have in common the facts tliat the pathologic entity was found in women 
over 40, and that it was associated with no thyroid symptoms other than 
those that might be ascribed to moderate compression of the trachea. 
Some authors have observed hypothyroidism and myxedema as late 
effects. A few authors have felt that one could not exclude hyper- 
thyroidism as an insidious precursor to the disease. As far as I can 
discover, this is the first case to be reported of struma lymphomatosa 
associated with hyperth 3 Toidism. As such it furnishes an interesting 
link, perhaps the first stage in the pathogenesis of tlie obscure thyroid 
disease known as the struma lymphomatosa of Hashimoto ^ or the 
lymphadenoid goiter of Williamson, Scott and Pearse.- Thus, evidence 
is now at hand to show that clinically the reconstructed sequence of 
events may be : first, a phase of hyperthyroidism ; second, a phase of 
apparently normal thyroid activity which may or may not be associated 
with symptoms referable to compression of the trachea, and, third, a 
hypothyroid or myxedematous phase which, also, may or may not be 
associated with symptoms referable to compression of the trachea. 
Because of its usually insidious course it is conceivable that struma 
lymphomatosa may go unnoticed in any of its phases during the life of 
the patient. The rarity of the condition and the distinctive pathologic 
process found are sufficient apology for basing this report on one case. 

REVIEW OF THE LITERATURE 

Struma lymphomatosa was first described by Hashimoto,^ in 1912. 
He reported four cases. Williamson, Scott and Pearse,^ in 1925, while 
examining two thousand specimens of thyroid tissue for the purpose of 
classifying them on a pathologic basis, found some glands (the exact 

1. Hashimoto, H. : Zur Kenntnis der lymphomatosen Veratiderung- der 
Schilddriise (Struma Lymphomatosa), Arch. f. klin. Chir. 97:219, 1912.^ 

2. Williamson, G.; Scott, G., and Pearse, I. H.: Lymphadenoid Goitre and 
Its Clinical Significance, Brit. M. J. 1:4, 1929. 

3. Williamson, G. ; Scott, G., and Pearse, I. H. : The Pathological Classifica- 
tion of Goitre, J. Path. & Bact. 28:361, 1925. 
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stated'! with the distinctive pathologic changes which 
number was not stated) described the pathologic 

they termed lymphadenoid g ' 7 g; j , j 1928, stated that he 

saw four cases of the Hashimoto type but ^ 

stages of Riedel’s struma, which Riedel reported m 1896. But in his 
feirt Riedel made no mention of the extensive infiltration of the gland 
wITh lymphocytes and lymph follicles. JoH;^ in his short J 

lymphadenoid goiter, gave plausible reasons for considering Riedel s 
struma an entirely different disease entity from struma lymphomatosa. 
Graham and McCullagh,® in 1931. reported four cases of the Hashi- 


moto t>'pe. 

ETIOLOGY 

The etiolog)- of struma lymphomatosa is obscure. McCarrison,' in 
1929, produced a condition simulating lymphadenoid goiter. He used 
rats, and fed them American white flour, meat residue, olive oil and 
table salt containing a little potassium iodide. It required a few months 
on this diet to produce the condition. He concluded that deficiency of 
iodine is not a factor in the production of lymphadenoid goiter, and that 
deficiency of vitamins is a factor. 


PATHOGENESIS 

In considering the pathogenesis of struma lymphomatosa it is well to 
bear in mind the hvo functions of the thyroid gland; (a) the lympho- 
genic process, the secretion of which does not contain thyroxine and 
(h) the colloid-producing function, in which the colloid contains thy- 
roxine. In struma lymphomatosa, undue strain falls on the lymphogenic 
process. The replacement fibrosis which occurs, though constant in the 
later stages, is never the most conspicuous feature of the histologic 
change, llhlliamson and his associates describe it with great accuracy 
as follows; 


The lymphocyUc infiltration is peculiar in that it picks out specific thvroid 
lymph spaces in a most delicately selective fashion. As the disease progresses the 
lymphogenesis becomes more and more active; IjTnphocytes begin to collect at the 
hilum of the gland unit and to arrange themselves in a circular fashion around 
Us circumference as they crowd in the perivascular lymph spaces about the capsule 


ed. 3. Philadelphia, W. B. Saunders Com- 

r Thyroid Gland. St. Lonis, C. Y. Yosby 

Lompany, 1932, p. 112. , v.. > . m.usd/ 


6. Graham, A., and YcCullagh, E. 
'vith Lymphoid Tissue in the Thvroid: 
Arch. Surg. 2^:548 (.April) 1931,’ 


P.: Atrophy and Fibrosis Associated 
Struma Lymphomatosis (Hashimoto), 


Goitre ^^5^929! Production of Lymphadeno 
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of the gland nnits.^ The parenchyma, which produces the lymphogenic secretion, 
becomes hyperplastic, and active mitosis appears in the epithelium. As the process 
advances, abnormal lymphogenic activity claims the whole field, and colloid storage 
ecomes inconsiderable. Exhaustion of the epithelium eventually ensues, and now, 
no longer able to produce secretion, becomes atrophic. 

DIAGNOSIS 

Clinical recognition of struma lymphomatosa is impossible in the 
presence of hyperthyroidism, which I consider the earliest stage of the 
disease. In the later stages the following criteria may help in making 
a preoperative diagnosis (Graham and McCullagh “) ; 1. There is 

uniform bilateral firm or hard enlargement of the thyroid gland without 
notable deformity of the lobes and without definite nodules. 2. There 
is close attachment of the thyroid gland to the trachea without adherence 
to overlying structures. 3. It occurs in women in middle life or over. 
4. There are no symptoms other than those that might be ascribed to 
moderate compression of the trachea. 5. There is no impairment of the 
general health. 6. There is no involvement of regional lymph nodes or 
evidence of distant metastases. 7. There are no signs of local inflam- 
mation. 

Joll ® stated his objections to classifying struma lymphomatosa as an 
early stage of Riedel’s struma as follows: 1. Struma lymphomatosa 
is confined almost entirely to women over the age of 45. Riedel’s 
struma may appear at any age, and men are affected nearly as often 
as women. 2. Struma lymphomatosa tends to the development, sooner 
or later, of myxedema. Riedel’s struma rarely leads to hypothyroid- 
ism, even after extensive resection of the thyroid gland. 3. Struma 
lymphomatosa is a diffuse process at the start, no part of the gland 
escaping. In Riedel’s struma, localization to a lobe or part of a lobe is 
usual. 4. Widespread formation of delicate connective tissue is char- 
acteristics of struma lymphomatosa in the advanced stages. Dense 
fibrosis, comparable to scar tissue, is found in the earliest stages of 
Riedel’s struma. 5. In struma lymphomatosa there is no involvement 
of the surrounding structures. In Riedel’s struma such involvement is 
characteristic. 

SEPORT OF A CASE 

Miss H. E., aged 26, white, presented herself for examination on July 14, 1933. 
Her chief complaint was that her doctor told her that she had high blood pressure. 

She had gone to him with the chief complaint that for the past eighteen months 
she perspired so profusely that she had to change her clothing several times a 
day, that she was constipated and that she had been unable to gain weight. Her 
father died twenty years before of pneumonia. Her mother, aged 63, whom I also 
examined, was well, but had mild hypertension, with a blood pressure of 170 
systolic and 90 diastolic. The mother had a slight, but noticeable enlargement of 
the left thyroid lobe. The patient’s tonsils were removed at the age of 6. Her 
histor 3 ' was negative otherwise. Her menstrual history was normal and her pre- 
vious health excellent. 
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General examination revealed a weight of 110 pounds (50 Kg.), a pulse rale 
of 120, a blood pressure of 180 sj’stolic and 110 diastolic, slight enlargement of 
the right thjToid lobe and normal eyegrounds. The central nervous system was 
normal. Urinalysis disclosed a trace of albumin. 

My clinical impression on the first visit was that I was dealing with idiopathic 
hypertension, possibly nephrosis (the diabetes albuminuricus of Epstein), so I gave 
the patient a diet high in protein and instructed her to report to me in two weeks. 

On the occasion of the second visit, on July 29, I elicited the history of hyper- 
hidrosis and the inability to gain weight. The persistent high pulse rale of 120 
and the persistent hypertension of 176 systolic and 108 diastolic called mv attention 
to the slight enlargement of the right thyroid lobe. Mv diagnosis at* this time 
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constipated as previously and had gained weight. Her weight was 115 pounds 
(52.5 Kg.), the pulse rate 100, with occasional extrasystoles, and the blood 
pressure 196 systolic and 112 diastolic. 

On September 22, the basal metabolic rate was plus 43, urea nitrogen 15.7 
mg. per hundred cubic centimeters of blood, creatinine 1.7 mg. and blood chlorides 
515 mg. The urinalysis disclosed a trace of albumin, a few leukocytes, a moderate 
number of red blood cells and no sugar. I recommended subtotal thyroidectomy, 
and the patient was hospitalized the following day, at the Barnert Memorial 
Hospital, Paterson, N. J. 
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Fio-. 2.— A low magnification of the removed thyroid tissue. The outstanding 
characteristic is the widespread lymphoid infiltration, with several lymp o ic es. 
This could be seen in every microscopic field, the germinal ^ . 

clear, with streams of lymphoid cells emanating from them and by their sinus 
paths delimiting entire gland units. One such glandular unit is ^ 

top center. Irregular aggregates of lymphoid tissue may be seen throughout the 
glLd. Fibrosis is not a conspicuous feature; reduced from a magnification 

X 27. 

During the subsequent four days of rest and preoperative preparation further 
laboratory examination revealed: red blood cells, 4,750,000, j. 

cent: white blood cells, 7,050; lymphocytes, 31 per cent; t-^sitionals 4 pe n , 
eosinophils, 2 per cent, and neutrophils, 63 per cent; coagulation time, fiie minutes. 
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Fig. 3. — Higher magnification of the gland unit seen at the top center of 
figure 2. A large lymph follicle with a germinal center is seen at the hilus of 
the gland unit, with lymphoid tissue streaming away through the lymph 
channels which delimit the gland. Within the gland unit the lymphoid tissue 
has claimed most of the fields, thus impairing the thyrogenous function of the 
follicles within the gland unit, so that the colloid is much diminished or entirely 
absent ; reduced from a magnification of X 54. 


to have been observed by other authors when operating on thyroid glands wdth a 
similar pathologic process. About one half to three fourths of the right lobe, the 
lower portion of the isthmus and pyramidal lobe and about one half the left lobe 
'\crc resected (fig. 1). 
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The pathologic observations as reported by the pathologist, Dr. H. Wassing, 
were as follows : There were two specimens, one from the right and one from the 
left lobe of the thyroid gland, each the size of a prune. The surface was smooth, 
showing the thyroid capsule e.xcept for the part along which the resection was per- 



Fig, 4. — Oil immersion of the germinal center in the lymph follicle at the 
hilus of the gland unit shown in figure 3. Cells undergoing active mitosis may be 
picked out here and there in the center of the field ; reduced from a magnification 
of X 243. 

formed. There and on other cross-sections a diffuse, finelygranular surface was seen, 
apparently poor in colloid; there were many whitish opaque small foci, like lymph 
follicles. On microscopic examination one saw hypertrophic (toxic) struma, with 
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Pig. 5.— Oil immersion of the lymph sinus and blood capillary delimiting the 
right edge of the gland unit shown in figure 3. Several aggregates of lymphoid 
tissue mav be seen in the blood capillarj^. Toward the lower edge of the photo- 


tissue mav be seen in the blood capillarj^. Toward the lower edge of the 
micrograph is a Ijunph cell in the act of squeezing through the capillary wa 
effecting its escape from the lymph sinus; reduced from a magnification of 


basal metabolic rate was plus 26, the pulse rate 100, the blood pressure 164 systolic 
and 100 diastolic and the weight 115 pounds. There was a marked decrease in 
bidrosis. 

On Xovember 23, the basal metabolic rate was plus 35, the pulse rate 120, the 
blood pressure 200 systolic and 120 diastolic and the weight 119.5 pounds (54.3 
Kg.). The nocturnal hyperhidrosis complained of preoperatively had disappeared. 
Tbc administration of compound solution of iodine appeared to make the patient 
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perspire. I discontinued the use of iodine, and the patient became free from this 
annoying symptom. I cannot account for the persistent elevation of the basal 
metabolic rate and pulse rate and the hypertension. The patient stated that she 
felt better than before, and she gained weight. The last-mentioned weight is 
more than she ever weighed. 

PROGNOSIS 

Joll ® stated that myxedema is the ultimate clinical feature, though 
it failed to develop in one case he observed for years. He stated that 
myxedema quickly follows resection of the gland. Williamson and his 
associates - stated that progressive s)'mptoms rarely appear before the 
age of 45, while myxedema occurs on an average of a decade later. 
They performed a necropsy on a man, aged 65, whose thyroid gland 
exhibited early struma lymphomatosa and whose history disclosed no 
coexisting myxedema. 

TREATAIENT 

It is too soon to judge, on the basis of this one case, the efficacy of 
thyroidectomy during the earl)^ stage of struma 13 'mphomatosa associated 
with hyperthyroidism. Thus far the patient is definitely improved. In 
the light of McCarrison’s experimental work on rats, previously men- 
tioned, prophylaxis in the form of a diet rich in vitamins seems advis- 
able. Iodine appears not to be helpful. Furthermore, it is obvious 
that in the present state of knowledge a preoperative diagnosis of struma 
lymphomatosa associated with hyperthyroidism cannot be made. How- 
ever, in the later stages of the disease Joll and his associates believed 
that a diagnosis can be made, especially when in association with hypo- 
thyi'oidism. When so made, thyroidectomy is contraindicated unless 
the pressure on the trachea interferes greatly with the patient’s activities. 
Joll suggested the administration of dried thyroid gland as a post- 
operative therapeutic measure, with regular check-ups on the basal 
metabolic rate as a guide. 

COMMENT 

It is well known that in exophthalmic goiter the thyroid gland is 
frequently invaded by lymphoid tissue, with definite lymphoid nodules 
often found scattered through the gland. Usually associated with such 
a change there is local and distant lymphadenitis, even the lymph nodules 
in the intestine being involved (MacCallum ®). There is also asso- 
ciated distinct lymphocytosis. But the outstanding pathologic change 
in exophthalmic goiter is the reduplication of epithelium, the lymphoid 
invasion of the gland being only a secondary microscopic observation 
and quantitatively usually negligible. The pathologic picture in struma 
lymphomatosa associated with hyperthyroidism as found in my 

8. MacCallum, W. G. : A Text-Book of Pathology, ed. 2, Philadelphia, tV. B. 
Saunders Company, 1922, p. 881. 
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case presents a striking contrast. Both macroscopicall)- and niicroscopi' 
cally (figs. 1 to 5) the lymphoid invasion of the gland was the outstand- 
ing pathologic change. This was not associated with local or distant 
lymphadenitis; it was not associated with distinct lympliocytosis, and 
there was no reduplication of follicular epithelium. 

SUMMARY 

I believe this to be the first case of struma lymphomatosa associated 
with hyperthyroidism to be reported. As such it furnisiies an ini]'!or- 
tant link in the pathogenesis of struma lymphomatosa when associated 
with no thyroid or hypothyroid symptoms. The clinical and pathologic 
features are described and treatment suggested. 

COXCLUSIOXS 

1. Struma lymphomatosa (Hashimoto) is a distinct pathologic entity 
of rare incidence. 2. Thyroidectomy is indicated when the condition 
is associated with hyperthyroidism or when it is associated with symp- 
toms referable to compression of the trachea. 3. Thvroidectomv is 
contraindicated when the condition is associated with no thyroid symp- 
toms or hypothyroidism. 



CARTILAGINOUS EXOSTOSIS OF THE SCAPULA 

KEPORT OF TWO CASES 

JEAN J. DuMORTIER, M.D. 

AND 

BfiLA HALPERT, M.D. 

NEW HAVEN, CONN. 

Osseous growths capped by a layer of hyaline cartilage frequently 
occur about the epiphyses of long bones but also occasionally in flat 
bones. They are usually multiple and are believed to originate from 
misplaced islets of epiphyseal cartilage and thus appear during skeletal 
development and cease growing when the latter is completed. A solitary 
cartilaginous exostosis of the scapula with no growths elsewhere is rare. 
A review of the available literature yielded records of less than twenty 
instances. In this article two cases recently observed in the New Haven 
Hospital are reported, 

REPORT OF CASES 

Case 1. — A Negro boy aged 7 years was admitted to the New Haven Hospital 
on March 13, 1928, with the complaint of prominence of the left scapular region. 
According to the mother this was first noted when the child was 4 years old. 
Since then the deformity has increased slightly and caused some pain occasionally 
but no apparent interference with the motions of the shoulder. A history of 
rickets, tuberculosis or s 3 'philis was not obtained. The family history was not 
contributory; six brothers and three sisters were living and well. On admission 
the child appeared to be health}^ well developed and well nourished, presenting 
nothing unusual except the prominence of the left scapular region. The inferior 
angle appeared elevated, projecting posteriorly about 2 cm. above the level of the 
right scapula. Attached to the costal surface of the inferior angle, a firm, 
irregular mass, the size of a golf ball, was felt. This mass was not tender or 
painful and did not interfere except with the extreme motions of the shoulder. 
Roentgenographic examination revealed a deformity of the lower third of the left 
scapula suggesting a bony prominence. A diagnosis of osteochondroma of the left 
scapula was made, and on March 16, the infrascapular portion of the shoulder blade 
together with the tumor was removed by Dr. Winthrop M. Phelps.^ 

The resected portion of the scapula was triangular and measured 5.5 by 5.5 by 
5 cm. Attached to its anterior surface was a somewhat nodular bony prominence 
shaped like a mushroom, the head of which was covered with cartilage and 
measured from 3.5 to 4 cm.; the stem was from 2.5 to 3 cm. in diameter. 
Cartilaginous and tendinous tabs were attached to the stem. A sagittal sawcut 
through the midportion of the specimen showed that it consisted of cancellous 
bone rimmed by a narrow zone of compact bone. In an area 1 cm. in diameter tlie 

From the Department of Pathology and the Department of Surgery, Yale 
University School of Medicine. 

1. Phelps, Winthrop M. : A Method of Resection of the Infra-Spinous 
Portion of the Scapula Without Impairment of Shoulder Muscle Function, Yale 
J. Biol. & Med. 2:39, 1929. 
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central portion contained soft marrow. A microscopic preparation of tlic entire 
sagittal section (fig. 1) showed well formed cancellous bone rimmed on tiic sides 
by a narrow zone of compact bone and capped by a layer of hyaline cartilage. The 
latter merged in a perfectly regular manner witli the underlying cancellous bone. 
No bony lamellae were present in the central portion of the elevation, and the space 
was filled with bone marrow. At the base the cancellous bone merged with the 
scapula. 

The patient made an uneventful recovery and was discharged on April 2, 1928. 
When he was seen one year later there was no limitation of motion or weakness 
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On admission the patient appeared well developed and well nourished, and 
except for the prominence of the right scapular region, presented no abnormality. 
At about the medial angle of the scapula there was a bony prominence the size 
of a small orange” projecting toward the ribs. There was a grating on motion of 
the scapula, but no limitation of movements, Roentgenographic examination 
revealed a bony prom.nence with a cancellous structure attached to the subscapular 
surface of the scapula near the medial angle. A diagnosis of exostosis of the 
scapula ^\as made, and on September 12 the medial angle of the scapula together 
with the attached growth was resected by Dr. Samuel C. Harvey. 

The removed portion of the scapula measured 5.5 by 3 by 1 cm. Attached to 
its concave surface was a mushroom-shaped bony spur capped by cartilage. The 
head measured 2.5 by 1.5 cm. in diameter; the stem was 1.7 cm. thick. The spur 
projected 2 cm. above the surface of the scapula. A sagittal sawcut showed the 



Fig. 2. — Microscopic preparation of a sagittal section through the midportion of 
a cartilaginous exostosis of the scapula in a 16 year old girl; X 3. The growth 
consists of cancellous bone with well formed lamellae and marrow spaces bordered 
by a thin layer of compact bone on the sides and covered on the free surface by a 
layer of hyaline cartilage. 


spur to be composed of cancellous bone covered on the sides by compact bone, 
merging with the scapula at its base and covered by cartilage on the opposite 
surface. A microscopic preparation of the spur (fig. 2) showed cancellous bone 
with well formed lamellae and marrow spaces bordered by a thin layer of compact 
bone on either side. The spur continued into the scapula at the base. The 
opposite surface was covered by a layer of hyaline cartilage. Along the choiidro- 
osseous junction which was fairly straight there was a suggestion of formation of 
new bone. 

The patient was discharged on the seventh day (September 19) following the 
operation. When seen four months later she had no complaints and no impairment 
in function of her shoulder. 
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report of cases from the literature 

Beaumont -The first case of cartilaginous exostosis of the scapula was 
reported bv Beaumont in 1838. A boy aged 13 years was seen “on accou.U o a 
v?rv considerable projection of the inferior angle of the cgbt scapula, attend 1 
with pain after exertion, loss of power, and diminished freedom of ^ 

right upper extremits-.” Recently the tumor had increased m s,ac and the pnt.cnt 
began to be incapable of following his occupation, in which he was Ircciucntlv 
obliged to lift and cafO’ parcels of considerable weight.” The inferior tu’glc o 
the scapula was “thrown out from the ribs nearly two inches above its level, which 
was caused by a tumor, the size of a large walnut” attached to the costal surface 
of the inferior angle of the scapula. On account of the hardness of the projecting 
portion and of its unyielding attachment to the scapula it was thought to he an 
exostosis. On July 5, 1838, the tumor was removed, together with a portion of 
the scapula to which it was attached. The growth consisted of cancellous bone 
with areas of firmer osseous tissue; its entire free surface was covered by a thick 
layer of cartilage — ^'as hard and compact as articular cartilage, ' Between nine 
and ten weeks after the operation the patient was “free from pain, and his right 
arm had become as strong as the other and possessed the same extent and freedom 
of motion” — and “for two weeks past he resumed his former occupation.” 


Pepper.— The second case of cartilaginous exostosis of the scapula was pre- 
sented before the Pathological Society of Philadelphia on Oct. 2-1, 1867, iiy George 
Pepper." A specimen removed at necropsy of a 16 year old colored boy who died 
of tuberculosis was shown. Prominence of the right scapula had been noted during 
life though it had caused no symptoms. "The growth sprang from the under 
surface of the bone, close to the posterior border, and about midway between the 
upper and lower angles.” It had a mushroom-like appearance with a broad sessile 
attachment and thick overhanging edges. It measured V/, by 1 inches (3.81 by 
2.54 cm.) and was elevated about 1 inch above the surface of the bone, which 
seemed normal. On section the pedicle was seen to have an osseous structure ; 
the body was partly osseous and partly calcareous, overlaid by a thin layer of 
cartilage. The gross observation was verified by microscopic examination. 

Birkett. — In 1S69 Birkett* mentioned in his presentation of cartilaginous and 
bony growth that he had seen three patients with exostoses of the scapula ; “a boy 
twelve years of age, and two girls, one sixteen years old, the other twelve. In the 
first the growth had been observed four months, in the second three years, in the 
third one year. The tumors were small and do not require anv particular 
description.” 


Riciiet. In 188 d Richet " removed an exostosis of the scapula from a bov V 
years old. The growth had been noted as a small swelling five or six vears pre- 
vvously, and since that time n had not increased in size or caused any d'iscomfort. 


2. Beaumont. William: Exostosis of Scapula, London if. Gaz 23:16-7 1838 
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Heurtaux.— In November 1885, at a meeting of the Societe Anatomique de 
Nantes, Heurtaux o described a scapula with a cartilaginous exostosis removed 
from a man, 24 3mars old. The growth was attached to the spine of the scapula by 
a slender pedicle, had the form of a “coracoid process,” and consisted of cancellous 
bone covered by a broad layer of hyaline cartilage. 

Von Kolliker. — In 1891 von Kolliker" reported two cases of “congenital 
upward displacement of the shoulder blade,” ascribed to exostosis of the scapula. 
The first patient, a boy, aged 10 years, had an exostosis on the medial angle of 
the riglit scapula which caused an upward and lateral displacement of the latter and 
resulted in a “scoliosis cervico-dorsalis dextroconvexa.” The second patient, a 
boy aged 4 years, had an exostosis somewhat lateral from the medial angle of the 
left scapula. The hook or finger-like projection extended about 2 cm. over the 
clavicle. This drew the scapula upward, and a dorsal scoliosis, convex to the left, 
developed. In neither case was there any limitation of movements. Operative 
treatment was refused by the parents of both children. 

Konig. — In 1893, in discussing Schlange’s paper on upward displacement of 
the scapula, presented at the twenty-second congress of the Deutsche Gesellschaft 
fiir Chirurgie, Konig® reported the case of a 7 year old girl. One scapula was 
markedly displaced upward, and a loud cracking was heard on certain movements 
of the shoulder. The patient had marked scoliosis. An operation disclosed an 
exostosis attached to the scapula in such a manner that it touched the second rib 
and thus interfered with the movements of the extremity. The exostosis was 
removed in the belief that it was the cause of the upward displacement. 

Robinson. — In 1899, Robinson ® reported an exostosis of the scapula in a girl 
aged 9 years. She had had the swelling nearly all her life. There was no complaint 
of pain or of any inconvenience. The right scapula appeared “winged,” its inferior 
angle being raised off the chest wall and displaced upward and outward. The 
vertical distance from the spine to the inferior angle was 1 inch (2.54 cm.) less 
than on the left side. Just above the inferior angle of the scapula a hard nodular 
tumor with a base 2 inches (5.08 cm.) across was attached to the vertebral border. 
It caused no limitation of movements. The tumor removed on June 28, 1898, “was 
a typical cancellous exostosis, with a very marked cartilaginous cap growing from 
the epiphyseal line between the scapula and its vertebral border, and was about the 
size of a tangerine orange.” When the patient was seen three months later all 
muscular movements were "perfect.” 

Iribarne. — In 1900 Iribarne reported the case of an 8 year old girl who was 
seen on June 18, 1898, on account of a growth in the left scapular region; this 
was first noted when she was 8 months old. Since then the growth had increased 
in size causing deformity and some limitation of certain movements. The head was 

6. Heurtaux, M. : Exostose de croissance de I’epine de I’oraoplate, J. de med. 
de I’ouest 20:384, 1886. 

7. von Kolliker, T.: Bemerkungen zum Aufsatze von Dr. Sprengel “Die 
angeborene Verschiebung des Schulterblattes nach oben,” in diesem Archiv, Band 
42, Heft 3, Arch. f. klin. Chin 42:925, 1891. 

8. Konig: Verhandl. d. deutsch. Gesellsch. f. Chin 22:68, 1893. 

9. Robinson, H. Betham : Exostosis of the Vertebral Border of the Scapula : 
Removal, Brit. M. J. 2:963, 1899. 

10. Iribarne, Joseph: Contribution a I’etude des exostoses osteogeniques, These 
de Paris, 1900. 
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the operation the left scapula was still elevated. 

G vxTCHErr.— In 1901 Gantcheff reported an exostosis of the scapula in a / 
year old bov. A prominence in the region of the left scapula was first noted three 
months previously and was thought to be due to scoliosis. The deformity did not 
seem to increase. On examination diere was no scoliosis. ^Tlic vertebral border ot 
the scapula was elevated owing to a bony tumor about 5 cm. in diameter at its 
base attached to the costal surface of the scapula near the vertebral^ l>ordcr. The 
movements of the shoulder were not impaired. There was a suggestion of a slight 
osseous prominence in the region of the spine of the same scapula, but none else- 
where. The growth removed on June 7, 1900, measured 3 cm. in height, had the 
shape of a “champagne bottle,” and consisted of cancellous bone covered by 
cartilage. 

Fereos. — ^In the case reported by Ferbos,^- in 1906, the patient was under 
Guyot’s care, A girl aged 15 years complained of a deformity of the right scapular 
region, which had been present for several years. Mo history of trauma was 
obtained. The father and mother, two brothers and two sisters were living and 
well. Attached to the scapula on the vertebral border a firm elevation about 4 by 
5 cm. was noted. This scapula measured 1 cm. less in the horizontal and vertical 
directions than the normal left scapula. A diagnosis of exostosis of the scapula 
was made, and the tumor was removed two months following the first examination. 
The Specimen consisted of a bony spur, with the free surface covered by a bursa. 
The peripheral portions were dense, the central portion spongy, with no medullary 
cavity. The patient made a good recovery, and when she was seen ten months 
following tlie operation there was no pain or recurrence of the growth. 

McWilliams. — In 1914, 'McWilliams^® reported the following case; A girl 
aged 18 > ears complained of dull aching pains in the left shoulder and of a grating 
or creaking sound on drawing the scapula backward and forward ; the condition 
had been present for one year. The patient stated that twelve years previouslv, 
following a fall, the left scapula began to become prominent. For this condition 
she wore a brace for a year without any benefit A swelling was noted just inside 
the scapula. On examination the left scapula was prominent with a fulness at the 
lower part where an indefinite swelling about the size of a lemon was felt which 
extended forward beneath the scapula. A roentgenogram showed an “exostosis 
on the inner side of the lower part of the left scapula.” At operation the growth 
seemed to be partially surrounded by a bursa. The specimen removed was about 
1°”^’ ^ ^™ad oval end covered by cartilage and a narrow pedicle bv 

Nhicb n was attached to the scapula. iMicroscopic examination showed the growth 
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to be composed partly of bone and partly of cartilage. Two months following the 
operation the appearance of the shoulder and the position of the scapula appeared 
normal, and there was no pain on motion. 

Peak.— In 1914, Peak reported the case of a girl aged 7 years whose mother 
noted that for the previous three years the child’s right shoulder blade seemed to 
increase in size. The tumor was attached to the costal surface about midway 
between the lower angle and the spine. Microscopic examination of the removed 
growth showed it to be an “osteo-enchondroma.” 

Brown. — In 1916, Brown reported a case of cartilaginous exostosis of the 
scapula in a 16 j'ear old girl. She complained of prominence of the right shoulder, 
present for two or three 3 'ears. The condition became more noticeable and painful 
a few weeks preceding the examination. No history of trauma was obtained. The 
right shoulder was prominent; crepitation could be elicited, and it was noted that 
at times the scapula in sliding over the ribs would “catch and jump from one rib 
to another.” This was associated with pain. During the subsequent one and a half 
j'ears the patient was treated with exercises and braces. Since these measures 
proved ineffective the upper part of the right scapular region was exposed, and the 
medial angle of the scapula was resected together with a “hook-like process of 
bone” attached to its anterior surface. The removed portion of the scapula showed 
a backward bend of the medial angle and a bony prominence, “a little over 3 cm. 
in length,” on its anterior surface attached at right angles by a broad triangular 
base. The middle portion or shaft was also triangular but smaller than the base 
or the free rounded end which was covered by a “white glistening cartilage-like 
material.” The specimen was not submitted to microscopic examination. The 
patient made an uneventful recovery, and when seen five months following the 
operation she was “perfectly well as far as the shoulder was concerned.” 

Gen^vrier. — In 1923, Genevrier presented before the Societe de Pediatrie de 
Paris a case of exostosis of the scapula. The patient, a boy, aged 12 years, had a 
growth the size of a “mandarine” which was attached to the vertebral border of the 
right scapula. The growth was known to exist by the parents and the boy, but 
no attention was given to it. It caused no symptoms. It was incidentally discov- 
ered when roentgenograms of the chest were taken for a condition of the bronchi. 


COMMENT 

A cartilaginous exostosis is an osteochondroma — a benign neoplasm • 
in which the tissue components reproduce their normal structures and 
retain their orderly relations. Growth occurs in them at the chondro- 
osseous junction by endochondral formation of bone. The growth 
apparently occurs with equal frequency on either scapula of males 
or females. The location is on the r^ertebral border near the inferior 
angle or about other junctions of centers of ossification. This and the 

14. Peak, I. Hunter: Osteo-Enchondroma of the Scapula, Kentucky M. J. 
12:800, 1914. 

15. Brown, Lloyd T. : An Unusual Exostosis of the Scapula, Boston M. & 

J. 174:652, 1916. _ , d • 

16. Genevrier, M. : Exostose de I’omoplate, Bull. Soc. de pediat. de Pans 

21:47, 1923. 
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fact that the tumors behave like the exostoses of long bones support the 
view that they arise from accessorr- centers of ossification. 

SUMMARY 

Two cases of cartilaginous exostosis of the scapula with no growths 
elsewhere are presented, and similar cases gathered from the literature 
are reviewed. 



INFLUENCE OF A DIET RICH IN CASEIN ON THE 
STRENGTH OF BONE AND THE HEALING 
OF FRACTURES 

EDWARD L. HOWES, M.D. 

AND 

RAYMOND M. McKEOWN, M.D. 

NEW YORK 

It has become increasingly evident from our studies on the rat that 
the beam sti'ength of the fibula varies in general with the body weight. 
When, for example, we plotted the strength of the fibulas of normal 
rats selected at random as a function of their body weight, the strength 
of the bones increased as the weight increased.^ Again, when we started 
rats of approximately the same age on a diet on which it happened that 
they lost weight because they progressively ate less, their fibulas lost 
strength likewise.- It seems, therefore, that there is a definite strength 
of bone per unit of body weight, and that the strength of the weight- 
bearing bones varies directly with function (Wolff’s law). 

In spite of this general relationship between the strength of bone 
and the body weight, however, the ratio of the one to the other can be 
altered experimentally. The food ingested naturally influences the 
strength of bone by changing the body weight and changing the function 
of weight bearing, but undoubtedly it also influences the strength of 
bone directly. Burnett,^ for example, fed hogs on a diet rich 
in tankage or bone meal and obtained an increase in the size and strength 
of bones out of proportion to the gain in body weight. The bones of 
the control animals fed alfalfa did not exhibit these changes. 

The skeleton is the storehouse for the ingested mineral salts, and 
not a static mass of these salts in an inorganic matrix. Its calcium 

From the Department of Surgery, Yale University, New Haven, Conn. 

The expenses of this investigation were defrayed by Davis and Geek, Inc. 

1. Lindsay, M. K., and Howes, E. L. : J. Bone & Joint Surg. 13:491 (July) 
1931. 

2. McKeown, R. M.; Lindsay, M. K.; Harvey, S. C, and Howes, E, L.: 
The Breaking Strength of Healing Fractured Fibulae of Rats: IL Observations 
on a Standard Diet, Arch. Surg. 24:458 (March) 1932. 

3. Burnett, E. A. : Twenty-Fourth Annual Report of Agricultural Experiment 
Station, University of Nebraska, 1911, p. 178. 
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and phosphorus ions are in chemical equilibrium with similar ions oi 
the blood The direction o! the flow of calcium salts ra Hus blood-bone 
ZL depends on the supply of calcium and phosphorus and the solu- 
bility of Lse salts in the plasma,* Calcium salts can be withdrawn 
from bone when acids or parathyroid extract-Coltip are given by mouth, 
and Bauer, Aub and Albright = have even demonstrated that the bony 
trabeculae are the readily available sources of calcium and phosphorus. 
Conversely, calcium can be deposited in hone by a diet rich in mineral 
salts or viosterol. Moreover, these fluctuations in the mineral salts ot 
bone cause variations in their strength. For example, when the fibula 
is depleted of mineral salts either by immersion in an acid or by main- 
taining the animal on a diet low in salt, strength is lost. 

The question naturally arises, then, rvhether the strength of bone and 
the healing of a fracture can he affected by changing of substances in 
the diet which aflect the metabolism of the mineral salts. The calcium 
salts in the blood plasma occur in a supersaturated state, and this super- 
saturation has been attributed by Pr}"de to the fixation of both calcium 
and phosphorus ions in nondiffusible form by the proteins of the plasma.® 
These three constituents even have a mathematical relationship to one 
another. Peters and Eiserson found that the calcium in the blood scrum 
varies directly with the concentration of protein and inversely with the 
concentration of inorganic phosphorus according to the formula, cal- 
cium = — 0.255 phosphorus -j- 0.566 protein 7. With such a balanced 
relationship, if it were possible to increase the amount of protein in 
the blood stream, there should be either an increase in the amount of 
calcium or a decrease in the amount of phosphorus, and a change in the 
ratio of bone strength to body weight. Actually, however, an excess 
of ingested protein is excreted as urea, and the blood remains chemically 
constant. It is the function of the blood stream to maintain constancy, 
and analyses of it do not indicate that more amino-acids have passed 
t irough it after the ingestion of a diet rich in protein than when this 
excess is not ingested. Likewise, the chemical constancy of the blood 
gives no idea as to whether the mineral salts are being carried from 
the gastro-intestinal tract to the skeleton or from the skeleton to the 
excretorj7 channels. Aanations in the strength of the bones should indi- 

or rmmla'r’ T bones 

ihT* T !?i therefore felt justified in trying to change 

the strength of bone by a diet rich in protein. ® 

4. Peters, J E., and Eiserson, L. J.: J. Biol. Chem. 84:155 (Oct.) 1929. 

1929.' ■’ Albright, F.; J. Exper. Med. 49:145 (Jan.) 

Son & Co!'l4t"' Biochemist^*, Philadelphia, P. Blakiston’s 
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EXPERIMENTATION 

The diet rich in protein consisted of 80 per cent of casein with sufficient 
vitamins and salts to give it adequacy (table 1). Its caloric content is somewhat 
lower than the standard diet fed to the control animals. 

Kats weighing from 190 to 300 Gm. and approximately 6 months of age were 
used. The animals had grown normally since birth. They were kept in separate 
cages and put on the diets one week before the experiment was started. They 
were allowed to eat all they wished, and their weights were recorded throughout 
the experiments. The animals were divided into two groups on each diet. One 
group was placed on the diets in order to determine their effects on the strength 


Table 1. — Standard Diet 


Percentage Composition 


Calorics per 
Kilogram 
of Pood 

Apportionment of 
Total Calorics 

t 

Per Cent 


Per Cent 

Standard Balanced Diet 



Casein 

18 

73S 

Protein 

1S.S 

Starch 

51 

2,091 

Carbohydrate... 

39.2 

Hydrogenated oil 


2,046 

Fat 

47.0 

Cod liver oil 


465 



Salts (Mendel and Osborne mixture*').... 


5,340 




High Protein Diet 



Casein 

SO 

S,2S0 

Protein 

6S.7 

Hydrogenated oil 

12 

1,4SS 

Fat 

S1.S 

Cod liver oil 

4 




Salts 

4 

4.76S 



On both diets: Lettuce twice a week, 70 mg. of yeast daily 




* The salt mixture consists of the followin?: calcium carbonate, ISt.S Gm.; magnesium 
carbonate, 24.2 Gm.; sodium carbonate, 34.2 Gm.; potassium carbonate, 141.3 Gm.; phos- 
phoric acid, U.S.P., 103.2 Gm.: hydrochloric acid, 53.4 Gm.; sulphuric acid, 9.2 Gm.; citric acid 
plus water, 111.1 Gm.; crystallized iron citrate, 6.34 Gm.; potassium iodide, 0.020 Gm.; man- 
ganous sulphate, 0.079 Gra.; sodium fluoride, 0.24S Gm., and potassium aluminum sulphate, 
0.0245 Gm. 


of bone, and the right fibulas of the other group were fractured in order to study 
the effects of the diets on the healing process. The fractures were made by 
cutting the fibulas at their midpoints with scissors, and the fragments were left 
in the best possible alinement. The technic for this procedure has been described 
before.! At intervals of three days from the sixth to the fifty-fourth day five 
animals were killed from both groups on both diets. The soft parts were stripped 
from the fibulas, and the bones were fastened together in pairs with a tag bearing 
the body weight. After they were dried in a desiccator for one week, th’eir strengths 
were determined on a testing apparatus devised for the purpose.^ The apparatus 
consists of two supports across which the bone is suspended. The supports are 
mounted on the pan of a scale balance. With the bone in place, the breaking force 
is applied at a constant rate at two points equidistant from the support. The 
strengths of five tests were averaged for each interval and plotted as a function 
of time. 
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RESULTS AKD COMPARISON OF CUR\ ES 

Noma} FitR/a.—The body weight aiid the strength of the hbulas 

are given in table 2. . . , n i 

The ratios of the body weight to the strength ot the fibulas arc 

plotted in figure 1, Those for the rats on the diet rich in casein fluctuate 
Table 2.—Sireugth oj Normal Fibulas ai:d Body IVcipht 


Standatd Diet Diet Ricii in Cn?e!n 

«_ . , ’ 



' weight 



Weight 



Experimental Days 

at Death 

Lett 

Right 

at Death 

Lett 

iiigiit 


201 

C43 

OCS 

224 

2?1 

2ro 

9 

. . . . ' 294 

50? 

4S4 

20? 




226 

413 

439 



47.> 

15 

204 

SOG 

SOS 

oai 

OoU 

aio 


106 

2S9 

219 

260 

566 



2.32 

403 

339 

213 

501 

511 

24 


500 

ooo 

232 

491 

41S 

2T 

212 

400 

45S 

211 

413 

CSS 

50 

221 

366 

83G 

244 

604 

r>.vi 

33 

. , , . 203 

26S 

294 

21C 

320 

505 

SO 

.... 201 

321 

200 

240 

S60 

744 

SO 

.... 22.3 

393 

SOS 

23S 

40S 

403 

42 

211 

415 

420 

243 

S40 

771 

45 

... 2CS 

434 

416 

213 

379 

3:4 

.Werapes 

223.4 

415.1 

309.3 

233.4 

53.3.9 

4W.6 

Ratio 


1.S3 

1..'0 


2.2S 

2.10 



Fig. 1. —Ratio of the body weight to the strength of the fibulas of animals fed 
the standard diet and those fed a diet rich in casein. 


like those for the rats on the standard diet, but they are in general 
greater. The strength of the fibula, therefore, has been increased in 
proportion to the body weight by the ingestion of the diet rich in casein. 

Fractured Fifinfa.— The breaking strength of the healing fractures 
asu o t le opposite uninjured fibulas is given in table 3. The cun’es 
01 t le ratios of these to the body weights are given in fifrure 

In the previous publications we described the curve of the bealin^r 
^trength of the fractured fibula of the adult rat fed on the stan^ 
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diet. T. his cuivc had four distinct phases corresponding' to the anatomic 
changes taking place during healing. In the first phase of fibrinous and 
early fibrous union, from the first to the sixth day, the callus had no 
strength. In the second, until the fifteenth or twentieth day, there 
was a rapid increase in its strength as the late fibrous union progressed 
and the “primary callus ’ was deposited. During the subsec|uent inter- 
^•a!, or the third phase, the strength decreased as the callus organized. 


Table 3 . — Strength of Fractured Fibulas and Opposite Uninjured Fibulas 


Postoperntive Days 

C 

» 

12 

15 

IS 

21 

24 


30, 

33, 

3C, 

SO. 

42 

45. 


Standard Diet Diet Rich in Casein 


Left 

Rieht 

/ 

Lett 


Right 

4G4 

37 

SIS 


51 

4C4 

217 

339 


2.31 

oOj 

2SS 

414 


247 

C2o 

401 

371 


217 

42S 

201 

475 


263 

32G 

244 

417 


217 


209 

.385 


304 

41S 

2S3 

279 


254 

359 

302 

378 


310 

413 

295 

5G1 


2GG 

5IjD 

3,53 

510 


413 

530 

340 

SS2 


333 

3GC 

311 




4G3 

441 






Fig. 2. — The ratio of the strength of the right and left fibulas to the body 
weight of animals fed the standard diet is represented by the solid line; that of 
animals fed a diet rich in casein, by the dotted line. The two upper curves are for 
the left uninjured fibulas ; the lower two for the right fractured fibulas. 


Finally, however, as organization was completed and the cortex reformed 
and realinement of the fragments took place, there was again an increase 
in strength. At the end-point the ultimate strength of the callus was 
greater than that of the rest of the bone, although until this point ivas 
reached the callus had broken, except in a few isolated instances, when 
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apparently some weakness in the rest of the Ijone had caused the break 
to occur elsewhere. The end-point occurred on the forty-fifth day.* 

On this diet rich in casein, the curve of the ratios is quite different 
from that obtained for the standard diet. The end-point is reached on 
the thirty-ninth day, a shortening of six days, and the initial rise is more 
rapid, although its peak is not so high. Consequentlv. the subsequent 
loss is not so great. From the eighteenth day on. the curve steadily 
mounts in strength approximately at the same rate as the standard curve. 
It is of interest to note also that the curves for the diet high in ])rotein 
exhibit a parallelism between the strength of the right and that of the 
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fiagments in the bones of animals fed on the diet rich in casein. The 
measurements of tlie externa] diameters of the calluses were practically 
the same for both groups. 



Pig. 4. — Roehtgenograms of typical fractures of animals fed a diet rich in 
casein. Note the distinctness of the ends of the fractured fragments even until the 
forty-second day. 

COMMENT 

The data suggest that a diet rich in casein strengthens normal hone 
and speeds the healing fractures. Our first thought in using this 
diet was that the increase in the amount of casein simply increased the 
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protein content of the diet. However, it soon became apparent filial 
increasing the casein also increased the salt and vitamin content of the 
diet. The animals were therefore ingesting a greater (piantity of three 
elements which could strengthen bone and hasten healing. .Ml three 
would also provide greater availability of tlie calcium salts. J bat there 
was greater availability of the calcium salts is attested by the increase 
in strength of the normal fibulas and the more rapid rate of healing. 
In addition, there was some substantiation for the greater availability 
of calcium salts found in the behavior of the fractured fragments. 
Axhausen® believed that the absorption of the ends of the fractured 
fragments during healing made available a local source of calcium. On 
the diet rich in casein this absorption was not so apparent cither by 
gross or by roentgen examination, suggesting that the calcium obtained 
from the fragments was not needed. 

Not all of the rapidity of the initial rise of the curve of healing 
on the diet rich in casein can be attributed to the greater availability 
of calcium salts, however. Part of it undoubtedly must be from the 
stimulation of fibrous proliferation by the diet high in protein. Marvev 
and Howes ^ have shown that wounds of soft tissues have a greater 
rate of fibroplasia on a diet high in protein. This stimulation alone 
might account for the changed contour of the first two periods of the 
curve. 


COXCLVSIOXS 

1. -\_diet rich in casein increased the strength of bone per unit of 
body w-eight in rats. 

rich in casein accelerated the rate of healing of fractures. 

8. .\xhausen: y erhandl. d. deutsch. path. Gesehsch. 16:309, 1913. 

9. Har\ey, S. C., and Ho%Yes, E. L.: Ann. Surg. 91:641 (yiay) 1930. 



TREATMENT OF VARICOSITIES 

PRliLIMlNARY HIGH I.IGATION OF THE INTERNAL SAPHENOUS 
VEIN WITH THE INJECTION OF SCLEROSING SOLUTIONS 

HENRY H. FAXON, M.D. 

IIOSTO.V 

In December 1928 the clinic for jicripheral vascular conditions was 
organized at the Massachusetts General Hospital to study and direct the 
treatment of varicose veins and other circulatory disturbances of the 
extremities. Since the inception of the clinic the care of patients 
admitted to the hospital as well as those seen onl}^ in our outpatient 
department has been under the supervision of the same group of men, 
and thus my associates and I have been able to maintain a desirable 
degree of unity in the different phases of the work. By an interchange 
of individual ideas during the combined weekly house visit, when all 
of the members of the clinic are present, and by seeing for ourselves 
every patient who reports to the outpatient department, we have a 
favorable means of determining the outcome for all of the patients 
treated, whether the}^ have been hospitalized or not. From the dis- 
appointing results of our earlier work in the treatment of varicose 
veins by the injection method alone it was felt that the question of 
the efficacy, in certain cases, of combining preliminary high ligation of 
the internal saphenous A^ein with injections was a matter worthy of 
further study. The following rejiort is based on our experience during 
the period from August 1931 to April 1933 in treating one hundred 
and seventeen patients by the combined method of ligation and injec- 
tion. All of the members of our clinic hai'^e contributed suggestions’ as 
to methods of procedure and have participated in the actual work 
involved in caring for the patients, and the technic and principles set 
forth in the following pages represent the combined efforts of a group 
rather than the effort of any one person. 

In many cases of varicose veins of the internal saphenous system 
it can be demonstrated that with the patient in the upright position tlie 
blood flow in the main trunk is reversed and the loiver part of the leg 
subjected not only to the weight of this column of blood but to any 
increased intra-abdominal venous pressure occasioned by exertion, 
straining and similar forces. So clearly and convincingly was this fact 

From the clinic for peripheral vascular conditions, Massachusetts General 
Hospital. 

1. Faxon, H. H. : End Results in the Injection Treatment of Varicose Veins, 
New England J. Med. 208:357, 1933. 
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„atedbvTre«dele,.burg= tha. Ws work tar "XJrw 

petencv of the valves in the main saphenous trunk aho^L• tin k ut 
would' seem worth while to restate briefly the sahent points ol the c - 
as an understanding of its basic principles are ot the hrst importance m 
aity treatment of varicose veins. 

The Trendelenburg test (fig. 1) is carried out by elevating the nflecte*! leg a-; 
the patient lies on the examining table to an angle oi d.-' degree.^, thus ekM-nttal!> 
emptvmg the varicosities of blood. A tourniquet is then placed alKuit the Ihieh 



POSITIVE NEGATIVE DOUBLE NIL 

Fig. 1. — The four Trendelenburg states, according to Bernstein {Acta c/iiV. 
S'caiidiiiar. 62:66, 1927), as modified by McPhccters (“Varicose Veins," Phila- 
delphia, F. A. Davis Company, 1931). A indicates the femoral vein; D, the 
internal saphenous vein, and C, the communicating vein. 


fight enough to constrict only the superficial venous circulation, and the patient 
is allowed to stand with the tourniquet still in place. If the varicosities fill 
rapidly (i. e,, within one-half minute) from below, incompetence of the valves in 
the branches communicating with the deep system is signified. slow filling or 
no filling under these conditions means that the adequate functioning of the valves 


2. Trendelenburg, F.: Ueber die Unterbindung der V'ena saphena magna bei 
tmerschenkelvaricen, Beitr. z. din. Chir. 7:195, 1891. 

3. AlcPheeters, H. O., and Rice, C. O.; Varicose Veins: Circulation and 
irectiou 01 the Venous Flow, Surg., Gynec. & Obst. 49:29, 1929. 

4. dcTakats, G.; Quint, H.; Tillotson, B, I., and Crittenden, P. T.: Imnair- 

Varicose Extremity, .Arch. Surg. 8:671 (Feb) 19-?9 
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is little, if at all, impaired. If the tourniquet is released with the patient still 
standing and a prompt engorgement of the internal saphenous trunk and its super- 
ficial branches ensues, it is evident that the valves in the main trunk of this system 
are incompetent to withstand tlic back pressure to which they are subjected. With 
incompetent valves in the communicating branches and the main trunk, filling 
occurs from below and is augmented from above when the constriction about the 
thigh is removed, broin a studj' of the distribution of the prominent veins of the 
leg and a repetition of the test with the tourniquet applied a second time just 
below the popliteal space, varicosities of the external saphenous vein alone or a 
combination of a varicosed condition involving the external and internal sj’stems 
may be properly evaluated. 

With an understanding of the facts brought out by this test it is 
obvious that any efifective treatment of varicosities of the internal 
saphenous system in which incompetence of the valves in the main 
trunk can be demonstrated must include some step to shut off the 
reverse flow of blood into this system. Trendelenburg" sought to 
secure this end by ligating the main saphenous trunk and recommended 
that this be done at the junction of the middle and lower thirds of the 
thigh. Later workers, including Ma)'0,® Miller ® and Homans,'^ rightly 
felt that a higher point of ligation than that used by Trendelenburg 
would more effective!}' forestall recurrences b}' also removing from the 
upper portion df the main trunk the back pressure to which the entire 
system had been subjected. They further pointed out the fallacy of 
believing that by simple ligation the varicosities could be corrected, 
and they sought by surgical excision of the offending veins to supple- 
ment the benefits attributable to ligation alone. Because of the greater 
thoroughness and safety of the injection method of treatment, we feel 
that following high ligation it is better in all save the exceptional case 
to obliterate the varicosities by injecting sclerosing solutions than by 
resorting to the old surgical method of excision. It must not be for- 
gotten in the stress that is here laid on high ligation in selected cases 
that this important operative step must be combined with an effective, 
thorough and complete subsequent course of treatments by injection if 
satisfactory results are to be secured. 

With the advent of enthusiasm for the treatment of varicose veins 
by injection a lamentable disregard for underlying considerations soon 
became apparent, and although the chief sponsors for the use of 
sclerosing solutions recommended making injections into the main trunk 
as high in the thigh as it could be made out, many less experienced 
workers were hesitant in making injections above the knee, and still 

5. Mayo, C. J. ; Treatment of Varicose Veins, Surg-., Gynec. & Obst. 2:385, 

1906. . 

6. Miller, R. T., Jr. : The Results of Operative Treatment of Varicose Veins 
of the Leg by the Methods of Trendelenburg and Schede, Bull. Johns Hopkins 

Hosp. 17:289, 1906. _ 

7. Homans, John: The Operative Treatment of Varicose Veins and Ulcers, 
Based on a Classification of These Lesions, Surg., Gynec. & Obst. 22:143, 1^^ 
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others employed meffedive measures to dclcrmiuc the presntee ui the 
mah. trunk in the thigh. Still more important rvas the 
nennanence o! the artifieialiy prodnccti occlrahn? thromlms ... the up|K 
portion of the htternal saphenous vein. It sects reacahle to eppose 
that the tendenev to recanahzation is greater in tiie all-nnpnr , 
thrombosed uppe^ portion of this vein, wlicre the region is still sub- 
ject to a certain degree of hack pressure, than in the smallei thromhoMd 
branches of the lorver part of the leg. where the factor of hack pressure, 
had been eliminated. From a practical point of view, our nncroscoinc 
studies of thrombosed veins and those by dc 1 akats and Omni, 
IilcPheeters and Lufkin® and Ochsner and Garside show that rccanal- 
ization occurs, and the clinical results obtained in the clinic for peripheral 
vascular conditions of the ^Massachusetts General Hosjiital ’ ant! hy 
Howard and his associates'^ have disappointingly reminded us of llie 
efficacy of nature in reestablishing a lumen in an apparently successfully 


obliterated vein. 

On the basis of the statistical study of our cnd-rcsulls with three 
hundred and fourteen patients treated by the injection method alone,’ 

I believe that 29.3 per cent represents the minimum number of cases in 
which high ligation is necessar}'. The proportion of the total number 
of cases showing marked varicosities is higher and the need for ligation 
greater in a clinic such as ours than it is among patients who come to a 
doctor’s office for private treatment. The feeling of all of us connected 
with this work at the Iilassachusetts General Hospital since the afore- 
mentioned statistical study was compiled has been increasingly in favor 
of preliminarj' operation. With more careful examination than rve at 
first emplojxd to determine \vhether or not the main saphenous trunk 
above the knee is varicosed, we have come to the belief that undoubt- 
edly more, rather than less, than 30 per cent of our cases present at 
entry our stipulated indications for primary' ligation. 

Moszkowicz,’- deTakats’® and others have advocated high ligation 
of the main internal saphenous vein in cases in which the valves in the 


8. dcTakats, G., and Quint, H. : The Injection Treatment of Varicose Veins 
Surg., Gynec. & Obst. 50 -.545, 1930. 

9. itePheeters, H. O.. and Lufkin, N. H.: Pathological Studies on Injected 
Varicose Veins, Surg., Gynec. & Obst. 54:511, 1932. 

10. Ochsner, A and Garside, E.: The Intravenous Injection of Sclerosing 

Substances, Ann. Surg. 96:691, 1932. occiosing 

Veins C. R., and Vlahon, E. J.: Recurrence of Varicose 
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nuin ti [ink aie shown to be incompetent, as a preliminary step in 
cai lying out the injection method of treatment. jFTowever, in reviewing 
the liteiatuie on this subject one is impressed with two facts which are 
so startling in the light of our experience at the Massachusetts General 
Hospital as to make it seem worth while to explain in detail our feelings 
on these points. 

In the first place, the importance of dividing the saphenous vein 
above its highest branches and at the point where it empties into the 
femoral vein is mentioned frequently but rarely stressed. We feel with 
Homans * ‘ that to relieve hack pressure completely and finally the great 
saphenous vein must he ligated at its entrance into the femoral r^ein 
in the groin. If a stump of the saphenous vein is left, which includes 
the remarkably constant three highest tributaries of this vein, namely, 
the superficial iliac circumflex, the superficial epigastric and the super- 
ficial external pudendal veins (all of which branch off within the first 
3 cm. as a rule), the permanent success of the operative procedure is 
seriously jeopardized. This is true because these branches will in time 
yield to the added thrust of back pressure on them, which ligation at 
a level below their junction with the main trunk occasions, and through 
their collaterals varicosed channels will again be established in the leg. 
The patient pictured in figure 2 underwent ligation in our clinic before 
we fully appreciated the importance of ligation at the saphenofemoral 
junction, and within a year the new varicosities on the front of the 
thigh, which had been established through their collaterals with the 
three highest saphenous branches, were apparent and of good size. 
Furthermore, ivith high ligation as we earry it out, there is no patent 
upper stump of saphenous vein left in which thrombosis can occur and 
inadvei'tently become dislodged. Thus the danger of emboli, although 
not eliminated, is, we believe, materially reduced. 

In the second place, from reading most of the articles one is left 
with the impression that ligation of the main trunk of the saphenous 
vein is a trivial affair. We should be the first to agree if one spoke 
of isolating the main trunk at a convenient point well below the crease 
in the groin or at one of the lower points of prominence of the vein, 
and we do not mean to convey the impression that as we carrj^ out the 
procedure it is a complicated operation. We do feel, however, that to 
ligate the vein in the fossa ovalis and thus insure a permanently effective 
dam against the back pressure on the veins in the lower part of the leg 
is not the simplest of procedures. It is all-important that the dissection 
should not traumatize surrounding structures, that adequate surgical 
preparation is carried out, and that a completed aseptic technic is main- 
tained. Failure to locate the vein accurately gives rise to unnecessary 

14. («) Homans, J. : The Operative Treatment of Varicose Veins, Varicose 
Ulcers and Phlebitis, New England J. iMed. 200:96a (May 9) 1929; (b) Homnmf. 
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injury to the lymphatics and tlic opening iiji of “dead space" in the 
subcutaneous tissue, rvhilc roughness in handling the vein itself may 
result in hemorrhage of serious proportions from the upper end of the 
saphenous or the femoral vein. 


TIXIINIC OK KX.VMIXATIOX 

"We believe that a complete physical examination of every i>atieiit on v,honi .an 
operation is to be performetl is so obviously a snniid procerlnre a'; to iiccti !Vi 




« least 2 inches (5 cm.) above the old scar sh^”'" ‘Eal'on, through an incision 
aecording technic described in fh. taf M, TOle 

ated that the recurrences were due to the nat t demon- 
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posterior tibial arteries, by excluding symptomatic orthopedic abnormalities and 
bj^ employing all measures which would help in evaluating the problem that the 
varicosities themselves present. These measures include Homans' is modification 
of the Schwartz test, that of percussing the varicose main trunk below the 
knee and determining whether the impulse is conveyed up the vein to the fingers 
of the otlier hand, which are firmly pressed over the fossa ovalis. Often when 
no main trunk of the internal saphenous vein can be seen or made out by the usual 
methods of palpation, this procedure will be found to be of the greatest assistance 
in revealing the presence of a large varicosed main trunk. We have also employed 
the Schwartz test as originally described by Chevrier,!® which consists in percussing 
the vein with the fingers of the upper hand. If an impulse can be seen or felt at the 
knee, if points directly to incompetence of the valves in the intervening portion of the 
vein. The Trendelenburg test as outlined earlier should always be carried out, 
and also the von Perthes modification of the test. The modification is used to 
determine the status of the deep venous circulation, and in cases in which there is 
a history of old phlebitis it is the easiest method of ascertaining whether or not 
the varicosities have taken over the burden of acting as the chief means of return 
of blood from the leg to compensate for previous impairment of the deep venous 
return. This modification is carried out by having the patient walk about with 
the tourniquet applied as previously described. If the varicosities become more 
prominent, the deep veins have been injured by the old phlebitis, and any treatment 
of them is contraindicated, whereas, if the reverse is true, ligation may be done. 
The presence and extent of an acute phlebitis, the degree of edema and the size 
and location of the ulcerations should be carefully noted. As the only effective 
method of keeping a record of the case, the findings should be entered on a 
diagrammatic chart of the legs. 

INDICATIONS FOR LIGATION 

We believe, except as noted under contraindications cited later, that 
in all cases of varicosities in which the main trunk of the saphenous 
vein in the thigh is shown to have incompetent valves primary high 
ligation should be performed in the thigh before injections are carried 
out in the lower varicosities. Some patients of advanced age in this 
group were treated conservatir^el^^ with bandages or local injections into 
the chief offending veins because their general life expectancy and 
relative absence of s3’mptoms did not seem to justify the more extensive 
procedure. Certain other patients with incompetent valves in the main 
trunk refused to undergo primary high ligation and received treatment 
by injection, alone, despite our expressed opinion that the results would 
almost surely be temporary. If both sides present the stipulated indi- 
cations for operation, bilateral ligation may be done at the same opera- 
tion. In fifty-eight cases, or 49.5 per* cent of our series of one hundred 
and seventeen cases, the bilateral procedure was carried out. 

15. Homans, J. : Varicose Veins and Ulcer; Methods of Diagnosis and Treat- 
ment, Boston M. & S. J. 187:258 (Aug.) 1922. 

16. Chevrier, L. : De I’examen du reflux veineux dans les varices superficiellcs, 
Arch. gen. de chir. 1:45, 1908. 
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CON'TRAINOICATIONS TO I.IOATIOX 
We recognize four ckfinitc contraindication? to high ligation oi the 
internal saphenous vein ; 

1. That the varicosities are compensatory, as shown hy the atovc- 
mentioned von Perthes test, is definite evidence that no form oi treat- 
ment should he instituted. 

2. The presence of a superficial or deep acute innainmal<jry juoces- 
in the groin is a definite reason for delaying the operation until the 
process has completely subsided. Snfiicicut time must have elapsed 
follon-ing its recovery (depending on the nature and extent of the 
inflammation) to make sure that surgical intervention will not cau'-e 


a flaring up of the old trouble. 

3. The occurrence of hemolytic streptococcus organisms in varicose 
ulcers makes ligation unwise until the infection has been cleared uj). 
We have had three instances in our scries of one hundred and seventy- 
five libations in which secondarv inflammation of the wound in the 
groin would seem to have been attrilmtahle to the virulent orgam.sms 
present in the ulcer. We felt in these cases that it was onr trauma 
to the potentially involved lymphatics in the groin that ga\-e rise to 
this trouble. With the use of dressings saturated with surgical solution 
of chlorinated soda and rest in bed these organisms can usually he 
eliminated, as shown by repeated cultures of the ulcer. If at first 
we fail to rid the area of them, temporary measures are taken in the 
treatment of the ulcer and veins until the virulent organisms can he 
shown to have disappeared. 

The presence of an acute superficial phlebitis of the lower part of 
the leg or an extensive inflammatory reaction about an ulceration is not 
a final deterrent in proceeding with high ligation. In these cases, how- 
ever, of which we have had three in our series, we have treated the 
patient conservatively with rest in bed, hot moist applications and the 
like for a period of from three days to a week before operation. 
In selected cases of acute superficial phlebitis which does not involve 
die upper half of the thigh, we believe with Homans that by high 
interruption of the main saphenous trunk we lessen the danger of 
extension of the process into the pelvic veins, shorten the period of 
convalescence and reduce the risk of pulmonary emboli. However, tve 
have consistently been opposed to making injections into veins that have 
shared in an acute phlebitic process until at least six months after the 
inflammation has completely subsided. 


_ 4. The treatment of a patient temporarily confined to bed is in our 
minds not justified, as we feel with de Takats that the act of walkine 
lollowing operation is not only a convenience to the patient, but more 
important, a safeguard against the formation of untoward thromboses 
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and the occurrence of emboli. We have been requested frequently at 
the hospital to carry out high ligations on patients temporarily confined 
to bed from some other operation or to combine our procedure with 
other operative measures. We have refused to do this, preferring to 
wait, for the aforementioned reasons, until the patient is ambulatory. 

TECHNIC 

Tiicre lias nei-er been any doubt in our minds as to the advisability of hos- 
pitalizing the patients for a period ordinarily including two nights and part of three 
c!a)-s. We believe that it is important that the patient enter the hospital the night 
before operation, as an adequate preparation of the field is indispensable and 
should be carried out with tiie same thoroughness as for a laparotomy. The 
groin is a region subject to the most indiflferent hygienic care by many patients, 
and in obese persons who show an outstanding lack of cleanliness in the region 
of the groin two da 3 ’s are necessary to prepare the patient properly for operation. 
Our preoperative preparation includes shaving the pubic hair and its extension into 
the groin, thoroughly cleansing the skin and applying a spica to hold the 
enveloping sterile towels in place. Anj' other form of final dressing invariably slips 
down and leaves exposed the very area one wants most to have covered. We do 
not make a practice of marking the location of the vein in the groin at the time 
of examination on entry of the patient, as we have been unable to find a stain 
which will not irritate the skin or wash off during the night before preparation. 
If the operator is not completely familiar with the location of the vein he will be 
greatly helped by having the patient stand beside the operating table after the 
sterile drapes are removed and by marking by a scratch on the skin or the applica- 
tion of iodine the exact location of the vein in the groin as brought out by 
percussing the trunk at the knee. 

Ordinarily it is not necessary to order preliminary medication, but if the patient 
is of a nervous temperament, suitable drugs ma 3 ’' be emplo 3 'ed, as with 3113 ' surgical 
procedure. If the patient is required to stand, as suggested earlier, shortly after 
receiving a medication of morphine he may feel momentarib' a bit dizzy and 
should have some one beside him at the time. 

The skin is prepared with tincture of metaphen, and the site of the operation 
is draped with sterile goods. If the ligation is to be bilateral, one side should be 
kept covered with a sterile towel while the other is exposed. Ordinarib'’ the side 
with the most pronounced varicosities is ligated first. A separate set of instruments 
should be emplo 3 'ed for each groin. The foot of the table is elevated about 10 
degrees to promote the emptying of the veins during the ligation. The infiltra- 
tion of the skin is carried out with 1 per cent procaine hydrochloride to which 
no epinephrine has been added. The line of wheals starts at a point in the deepest 
crease of the groin from 2 to 4 cm. below Poupart’s ligament, directly over the 
pulsation of the femora! artery, and extends medialb' along this crease for a 
distance of 5 cm. The deeper layers are successively infiltrated, frequent traction 
being exerted on the plunger of the syringe to insure against injecting the procaine 
h 3 ^drocbIoride solution directly into the circulation. Starting at the medial border 
of the femoral artery and running parallel to and just below the crease in the 
groin, a skin incision from 3 to 5 cm. in length (depending on the amount of fat 
present) is made down to the superficial fascia, which is a well defined structure 
between the superficial and deep portions of which the saphenous vein lies, sur 
rounded b 3 ' a considerable amount of hose areolar tissue and fat (fig- 3, A). 
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The mistake is frequently made in obese persons of seeking the vein in the 
subcutaneous fat above the layer of superficial fascia before the operator realizes 
that he has occasioned a certain amount of unnecessary trauma by not proceeding 
deeply enough with the dissection. 

With retraction at the upper and lower margins of the wound, the superficial 
fascia with its associated underlying areolar tissue is vertically incised, and the 
saphenous vein found to be directly beneath (fig. 3, B). If the operator’is uncer- 
tain of his landmarks, a transverse incision instead of a vertical incision through 
this fascia will facilitate the location of the vein. The adventitia, which is made 
up of a number of la 3 'ers, is careful!}' picked up with forceps at the most con- 
venient central portion of the wound and incised in a vertical direction over a 
distance of 1 cm. The dissection should be carried down to the natural line of 
cleavage formed by the smooth underlying surface of the vein. When this is 
reached, the layers comprising the adventitia, with those of the already incised 
superficial fascia, are grasped on both sides by hemostats, and the incision in the 
adventitia is carried up and down to give adequate exposure (fig. 3, C). This step 
helps tremendously in the subsequent freeing of the vein and its highest branches. 
At this stage a curved half-length can be readily passed beneath the vein, which 
is clamped with two straight hemostats 1 cm. apart. The main trunk is divided 
midway between the clamps to facilitate the isolation of the upper end and the 
exposition of its branches. These latter, of which there are always at least the 
three already mentioned, are separately snapped, divided and directly tied off to 
keep the field of operation as free as possible from encumbering instruments. 
The upper end of the internal saphenous vein is exposed as it dips through the 
fossa ovalis until its point of junction with the femoral vein can be made out. 

A no. 2 chromic catgut ligature is placed just distal to this point to prevent pucker- 
ing of the femoral vein, and a second tie, 0.5 cm. distal to the first, is used as an 
added reenforcement. The upper segment of the vein is again divided just below 
the second tie in order to remove the portion traumatized by the upper hemostat 
(fig. 3, D). 

It has seemed reasonable to us to attempt obliteration by retrograde injection 
at the time of operation of at least a portion of the saphenous vein in the thigh, 
as suggested by Moszkowicz.^2 Before the wound is closed, the edges of the end 
of the vein showing above the hemostat are grasped on both sides; the clamp is 
removed and the cannula (fig. 4), devised by the author to fit a vein of any size, 
is tied in position. The leakage of blood through the cannula while one is waiting 
for the syringe of the sclerosing solution may be prevented by angulating the vein 
forward over the lower edge of the superficial fascia. We have used from 10 to 
20 cc. of a solution of 30 per cent invert sugar and 10 per cent sodium chloride 
with each injection, depending on the size of the vein. By elevating the leg, 
pressing over the trunk in the midthigh and aspirating the blood from the vein, 
we have attempted at least partially to empty the vein before injections are carried 
out. Following the injection, the vein is tied off below the cannula, and with 
traction on the plunger of the syringe to prevent the escape of any of the solution 
into the tissues, the vein is again divided just below the cannula and above this 
last placed tie. The wound is flushed out with salt solution ; the 'edges of the 
superficial fascia are brought together with one or two plain catgut sutures to 
obliterate any “dead space” and the skin is closed with interrupted silk stitches. 

A small square of gauze is held in place by a piece of adhesive tape in which an air 
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lower oarts of the legs. . 

Ajler-Care.-\ye believe that the patient should K- lorced to a certnm c ^ 

to be ambulator^' iollowing the operation in order that the muse cs_o ic c 

thel pumping action in walking may help to dissipate any sUiggishnc s . U e 

and so reduce the likelihood of untoward thrcmlsascs and cn Iw • 

To that end we have the patients walk a few steps from the 

to their beds following ligation and then accord them lavatory privileges so thas 
at interv'als they may be active. It is a mistake to feel that there _,s no s.gn.fic.ant 
difference between having the patients ambulatory after operation ami mere > 
hav-ing them out of bed in a chair. The former is to be encouraged as of dcfimtc 
benefit to them, whereas the latter is to be condemned, since, with the passive 
dependence of the lower extremities, venous stagnation is actually increased. 
When the patient has returned from the operating room, the fool of the lied is 



Fig. 4.— The cannula used for the retrograde injection of a sclerosing solution 
into the distal end of the vein at the time of operation. 


elevated on a chair with the same idea in mind of aiding venous return in the legs. 
Following ligation, the wounds in the groin give little discomfort, but it is not 
uncommon for the area in the thigh into which injections have been made to show 
the somewhat uncomfortable reaction of tenderness along the course of the vein 
that is often associated with the use of sclerosing solutions. Barring complications, 
the patient, still wearing the Bender bandages below the knee, leaves the hospital 
the day following the operation, but he is instructed to avoid strenuous exertion 
during the following week. The stitches are removed on the fifth or sixth day, 
and all dressings are abandoned a day or so later. 


The course of treatments by injection is started as soon as the wound is healed 
and may be carried out according to the operator’s method of choice so long as 
1 C final rKult is a firm thrombosis of every 'i-arix that can be detected bv insnec- 
lon or palpation. Fewer visits (usually from three to five) are required' in cases 
is preliminary operative step than in cases in which there 

rei^. a that by high ligation and 

thromW^ ^ portion of the saphenous svstem 
hosed, but the remaining s-aricosities (relieved of the back pressure formLly 
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exerted on them) are less distended and less prone to show “excessive reactions” 
and respond over a greater extent to each injection than in the cases in which 
operation has not been performed. 

COMPLICATIONS 

The procedure may be followed by certain complications which con- 
tribute largely to our feeling that the operation is definitely not without 
its risks. The most serious untoward event is postoperative pulmonary 
emboli. ■ 

In the series of one hundred and seventeen cases we have not seen 
this complication, but since these figures were compiled we have had 
one fatality from a postoperative pulmonary embolus following ligation 
of the veins. The details of this case are significant, owing to the fact 
that through faulty liaison between the members of our clinic and the 
resident surgeons in the hospital, many of the principles we have 
advocated were not followed out in this instance. We believe that the 
complication might possibly have been avoided had our technic been 
carefully followed. Feeling that the experience with this patient sub- 
stantiates the importance of closely adhering to our stipulated rules for 
operation, the salient features of the history, with certain explanatory 
comments, are given in the following paragraphs. 

REPORT OF A CASE 

An extremely obese white woman, aged 54, entered the hospital on the recom- 
mendation of the outpatient surgeon in our clinic because of bilateral varicose veins 
which had been present for ten years and were becoming progressively worse. 
They had been complicated for three months by an ulceration above the left internal 
malleolus. The varicosities were large; they involved only the internal saphenous 
system and showed incompetence of the valves in the main trunk in the thigh but 
essentially no impairment of the valves in the perforating branches of the lower 
part of the leg. There was pigmentation of the skin above the left internal 
malleolus with a crusted lesion 1 cm, in diameter in the same region. The ankles 
showed a slight amount of pitting edema which the patient had noticed off and on 
for several years. The peripheral arterial circulation was good, but the general 
circulatory condition showed a considerable degree of arteriosclerosis with a 
hypertension of 198 systolic and 110 diastolic and slight cardiac enlargement. The 
most striking feature of the marked obesity was the panniculus of fat which hung 
down and obscured the creases in the groins. The patient received a single prepa- 
ration of the field of operation on entry, and the following day had the internal 
saphenous veins ligated in the groin and interrupted a second time at the level 
of the knee. The operator’s note stated that because of the great amount of sub- 
cutaneous fat he could not demonstrate the saphenofemoral junctions. Retrograde 
injection into the vein on the left was carried out with 20 cc. of the sugar and salt 
preparation ; Bender bandages were applied to the lower parts of the legs, and the 
foot of the bed was elevated when the patient returned to the ward. Twenty-four 
hours after the operation the temperature was 101 F., and there was slight tender- 
ness at the lower incisions. On the following day the patient was allowed to sit 
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tj-pical picture of a massive pulmonarj- cmboUis and died. 1 crm . . 
autopsy was refused by her family. 


In retrospect, we feel that at least two days were needed to prepare 
the patient properly for the operation, that cultures from the critslcd 
ulceration should have been taken and reported on before hgation was 
carried out, and that the patient should not have been allowed to ?tt 
passively in a wheel-chair during convalescence. The ligation should 
have been made at the saphenofemoral junction; the second inter- 
ruption of the main saphenous trunk at the level of the knee should 
not have been carried out. 

We have not mentioned the procedure of interrupting the main 
saphenous trunk a second time at the level of the kmcc because we feel 
from our experience in adopting this added operative step in 50 per 
cent of the ligations in this series that both the theoretical and the clinical 
advantages are not justified by the added risk. The wounds at the 
knee, as in the case cited, have shown a marked tendency to heal poorly 
as contrasted with those in the groin, and we no longer practice or 
advocate a second interruption of the main saphenous vein below the 
ligation in the groin. 

In seven, or 5.9 per cent, of our cases a varwng degree of secondary 
inflammation has been ewdent about the wound, necessitating hospitaliza- 
tion beyond the usual period. We feel that the reasons for this com- 
plication can be traced to faulty operative technic, contamination of the 
wound with the sclerosing solution or failure to observe our stipulated 
set of rules of contraindications. 

Hemorrhage at the time of operation or later has not been a com- 
plication in any of our cases. 


KESXJLTS 


Our end-results in this series of cases will be determined within the 
next few months, so that at present we have only a strong conviction 
based on our untabulated subsequent observation of these patients and 
the findings of others that the underlying principles we have advocated 
here are sound. We believe, in cases in which the valves in the main 
tmnk above the knee can be shown to be incompetent, that the results 
obtained by the combination of high ligation and subsequent injections 
Will show a definite improvement over those obtained with injections 
alone or with the older forms of radical surgery^. . 


17. Moszkowicz.^- de Takats.^^b 
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It is outside the scope of this paper to elaborate on the subject of 
the treatment of ulcers, varicosities of the short saphenous vein or the 
problems presented by incompetent valves in the communicating 
branches in the lower part of the leg. These must be dealt with when 
present, and when found, as they usually are, in conjunction with a 
varicosed internal saphenous vein in the thigh, we believe that treatment 
must include high ligation in the groin. 

SUMMARY AND CONCLUSIONS 

1. In cases of varicosities of the internal saphenous system in which 
it can be shown that the valves in the main trunk are incompetent, 
ligation of the vein in the groin is an indispensable adjunct to any form 
of treatment, since it affords the only permanent means of relieving 
the varicosities of the lower part of the leg from the back pressure 
exerted on them from above. 

2. To be effective the vein should be tied off at the saphenofemoral 
junction, above its three highest tributaries, which would otherwise 
open up collateral venous channels around the point of ligation. 

3. At least 30 per cent of all of the cases seen in the clinic of the 
Massachusettts General Hospital present at entry indications for pre- 
liminary high ligation. 

4. If virulent organisms can be demonstrated in a complicating ulcer, 
or if there is any inflammatory process in the groin, high ligation must 
be postponed until these conditions have completely subsided under 
conservative treatment. 

5. Patients on whom preliminary high ligation has been carried out 
should remain ambulatory following operation. 

6. The procedure requires a short period of hospitalization to insure 
the advantages of proper operating facilities and adequate preoperative 
preparation of the field of operation. 

7. Retrograde injection of a sclerosing solution into the distal 
segment of the vein at the time of operation is of advantage in sup- 
plementing the benefits of ligation alone. 

8. A thorough course of injections which, because of the preliminary 
ligation, will entail fewer visits by the patient must be instituted follow- 
ing operation if the end-results in the treatment of the veins is to be 
satisfactory. 

9. Adherence to the technic and principles here stipulated will 
materially reduce the incidence of complications. 
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10. From our experience in one hundred and seveiUy-live ligations 
rve believe that the combination of high ligation and .‘subsequent injec- 
tions in cases in which the valves of the main trunk are incomjrctcnt 
offers a better chance of permanent cure than any other method of 
treatment, including the old extensive surgical procedure.^. 


264 Beacon Street. 



AVERTIN IN PREANESTHETIC MEDICATION 

A SURVEY OP 1,831 SURGICAL ANESTHESIAS 

O. W. BARLOW, Ph.D. 

G. L. FIFE, R.N. 

AND 

A. C. HODGINS, R.N. 

a.EVELAND 

During" a survey of the use of avertin in the general surgical service 
since 1930, certain points were noted which when correlated with known 
reactions to avertin were deemed of sufficient interest to merit publica- 
tion. The number of cases in which avertin was used and their general 
distribution as to types of surgical procedures are considered sufficient 
to permit a comparison of the influence of age and sex on the response 
to a range of doses, as well as of the adaptability of this substance for 
different types of surgical procedures and for use with different supple- 
mentary anesthetics. This report also permits a direct comparison of 
the relative premedication values of two entirely different types of 
hypnotics, i. e., avertin (tribromethyl alcohol) and pentobarbital sodium 
(sodium ethyl [1-methyl-butyl] malonyl urea) used for similar purposes 
in the same surgical service. The report on pentobarbital sodium will 
appear separatel}". 

The age range of the patients, the nature and frequency of the 
surgical procedures, the doses of avertin and the anesthetic supplements 
used are shown in table 1. 


PROCEDURES 

During the evening preceding the day of operation apprehensive patients 
received a sedative (usually of the barbital type) in order to assure a restful 
preoperative night. However, 80 per cent of the group required no medication. 
In addition, the colon was cleansed by a warm enema. On the following morn- 
ing from thirty to sixty minutes before the scheduled operation, morphine (% 
grain [11 mg.]) and atropine (Kso grain [0.5 mg.]) or fractional doses of this 
combination as gaged by age were administered hypodermically to 88 per cent 
of the patients. The remainder (including the group who were to undergo opera- 
tions on the brain) received either atropine alone or no supplementary premedica- 
tion. Ten minutes after the injection of morphine and atropine, avertin — the dose 
gaged by the age, weight and general condition of the patient — was administered 
rectally over a five minute period as a freshly prepared, warm, 2.5 per cent aqueous 
solution of avertin fluid. The patients were asleep within from two to ten 


From the Department of Anesthesia, the University Hospitals and the Depart 
ment of Pharmacologj-, the School of Medicine, Western Reserve University. 
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minutes after the rectal instillation had been completed and could he tra,is,K,rlcd 
to the operating room. The administration of the supplementary ancsthct.c %-.as 
begun from fifteen to thirty- minutes after the injection ot averUn 

The routine obserr-ations included pulse and respiratory rates and sjstohc and 
diastolic blood pressures before premedication and after premcdicat.on, ..c.,_jusi 
before the administration of the supplementary anesthetic, during the course ot the 
operation and postoperatively on return to bed. The urine was examined tor 
albumin, casts and cells on admittance and for several days postoperatively. 1 ost- 
operative nausea, vomiting, restlessness and pulmonary complications were like- 
wise observed. In a small selected group of cases respiratory minute volumes 
were recorded by means of a Bohr gas meter before and after the administration 
of both the narcotic and a range of doses of the hypnotic. This was done to 
determine the degree of respiratory depression produced by this sequence of 
premedication. 

Table 1. — Distribution of 1JS31 Patients as to A<u', Tyf'c of Ol'cralioii, Dose of 
Avertin and Anesthetic Supplement 


Aviilin VhiSrt 

.Age Groups Geueral SurglCBl Anesthetic Supplement Group? Group' 

I ' , Groups , ‘ ■ 


Per Cent , 
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- ■ ■ ■ , 

Per Gent 


I’er Cent 

ol Total 


No. ol 

ol Total 
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No. ol 
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Tears Patients 
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Patient* 

4 or less 556 
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ss 


ro....... 
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Nose 

7S 

Ether 7.20 
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Neck 
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Nitrous o.vide and oxygen.. . C7.:'0 
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. f;*> s*’ 

46 to 65. . 16.55 

Chest 
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Nitrous oxide, oxygen and 
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.. r.-oi 


Breast 

56 

ether r.4 40 
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•'0 rt) 


Back 

. 26 





Abdomen..., 

. 310 





Pelvis 

. 631 





Extremities. 

. 504 





Ttansiusiou. 5 





Dressing 

. 11 





Initially the observations tvere tabulated according to the doses o£ 
atertin and subdivided according to the types of surgical procedures, 
irrespective of the supplementary anesthetics used. The data thus 
obtained were analyzed, but a regrouping of the original observations 
according to the types of supplementary anesthetics and subdividing 
accor^ng to the doses of avertin yielded simpler and equallv satisfac^ 
tory data and will therefore be used in this presentation. 

Four surgical groups, including patients subjected to operations on 
le th)Toid gland, gallbladder and" brain and gynecological operations. 

ffered so significantly in their reactions to anesthesia and during the 
postoperative period as indicated by the first analysis that these four 
groups have been studied separately. The reactions of the remainder 

at the observations are massed and the data presented as -medians 

(charrn t a" age range of from 19 to 60 years 

) and smaller subdmsions (chart 2) including young (from 
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iy 2 to 18 years), intermediate (from 19 to 39 years) and older patients 
(40 or more years of age). 

The anesthetic supplement used, except in the special surgical groups, 
was adapted to the patient according to the judgment of the surgeon* 
but no routine or fixed procedures were established. A nitrous oxide, 
oxygen and ether supplement was used most frequently (in 55 per cent 
of the entire series) and represents the anesthetic of choice. 
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Chart I. — The data massed according to the anesthetic supplements that were 
used. 

In all the charts the symbols NaOjOs NaO.Os.F E and L at the top represent 
the anesthetic supplements nitrous oxide and oxygen, nitrous oxide, oxygen and 
ether, ether and a local anesthetic ; the numbers in the second line, the milligrams 
of avertin administered per kilogram of body weight, and those in the third line, 
the number of patients whose anesthetic records are tabulated below. 


OBSERVATIONS BEFORE OPERATION 

Condition of the Patient on Arrival at the Operating Room. — Ninety- 
two per cent of the patients were asleep on arrival, usually well relaxed 
and satisfactorily analgesic. Occasionally with doses of 70 mg. or less 
of avertin per kilogram of body weight patients moved slightly on 
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Rm# tato'— The respiratorv rate was either tiiichangcJ or mcreasm 
slightlv^ by premedication. As a rule, however, oseillat.ons of one n, 
tao respiraLs on either side of the normal r,atc occurred. 
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Chart 2 . — ^The data massed according to the ages oi tire patients. 


Occasionally following medication with heavy doses of the hypnotic 
or even with moderate doses in sensitive persons a significant respiratory 
depression was observed. Under such conditions the rate was increased 
and the volume decreased. Depression of the minute volume occurred 
with all doses. [Morphine in rite dose used (% grain) depressed the 
minute volume approximately 5 per cent. The net depression due to 
avertin in doses of _from 80 to 100 mg. per kilogram of body weight 
varied from 30 to 50 per cent. One patient medicated with morphine 
I h; grain) and 90 mg. of avertin per kilogram showed a decrease of 
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Chart 3. — The data on four special surgical groups, massed according to the 
types of surgical procedures involved. 
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70 per cent in tire ntinutc volume. The degree or 
uroporfiond to the dose administered. ^V.lh a dose o. /O ntg.. th. 

minute volume diminished from 22 to 29 per cent. 

Pulse Rote.— The preoperative pulse (mdicated hy the syin lo . 
m charts 1. 2 and 3. part B) teas irregular ’ 

increased from 5 to 25 per cent or decreased from . to 10 per , 
The median change nith doses of 70 mg. per kdogran. or es uas a 
rise of from 3 to 12 per cent above the level on admittance. W ith larger 
doses the pulse was either unchanged or depressed .riiglitly (from 3 to 0 
per cent). Exceptionally the pulse varied from 12 per cent hdow to 
18 per cent above the normal values even with doses of 100 mg. In 
patients less than 18 or more than 60 years of age the pulse rate v.-as 
the least stable and reacted the most variably. Differences due to sex 
(with similar a^es and premedication) appeared unimportant. 

Blood Pressure.—Tht systolic blood pressure following prcmcdica- 
tion with avertin varied markedly even with the same dose. ])articnlarly 
as to the time at which the change from normal occurred. Occasionally 
the initial fall was not observed until after the administration of the 
general anesthetic had been begun, owing probably to individual varia- 
bility as to the rate of absorption from the rectum. The median picture 
was one of depression, which varied in degree from 10 to 40 per cent 
(the latter rarely), with an average tall of 18 per cent. The systolic 
fall was proportional to the dose of avertin, as indicated by the extremes 
in the entire group, but differences in the degree of fall in groups of 
equal age may be insignificant rvith a dose ranging from 60 to 100 mg. 
per kilogram of body weight (chart 1). Patients in the age range of 
from 40 to 65 years, particularly the aged, showed the greatest degree 
of depression. Women showed a greater systolic fall than did men under 
similar conditions of age and medication. 

The diastolic pressure showed a much better correlation rvith the 
dose of the hypnotic administered than did the systolic pressure. 
Depression was the ride, the degree of which Avas somewhat less than 
the systolic change rvith small to medium doses (50 to 70 mg. per kilo- 
gram), but closely approximated the systolic change rvith larger doses. 
The fall increased with the dose and, irrespective of the dose, increased 
with age (chart 2). The diastolic pressure was depressed to a greater 
degree in females than in males of the same age under similar medication. 

Nature of the Anesthesia (Charts 1 and 2).— The induction or 
transiuon period between the premedication state and surgical anesthesia 
was short. From 80 to 85 per cent of the anesthesias were considered 
good and the remainder fair or poor. Poor anesthesias were more fre- 
quent with small doses of avertin (from 50 to 70 mg.) than with lar^e 
ones (from 85 to 100 mg.) and, so far as the suppkments were 
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ceined, weie more frequent with ether than with nitrous oxide and 
oxygen or with nitrous oxide, oxygen and ether. No poor anesthesias 
were recorded in the group receiving local anesthetics. One disagreeable 
feature observed in the use of local anesthesia was that patients reacted 
by movements, and occasionally complained even when medicated with 
from 90 to 100 mg. of avertin per kilogram of body weight. The 
anesthesia was somewhat better and more regular with young patients 
(under 18 years) than with older subjects. Smaller quantities of the 
supplementary anesthetic were required after large doses than after small 
doses of avertin. Heavily premedicated patients were simply nearer the 
stage of basal narcosis. Anesthesia was somewhat less satisfactory in 
female than in male patients, independent of age or the dose of avertin 
administered. 

OBSERVATIONS DURING AND FOLLOWING OPERATIONS 

Pulse Rate . — ^During operation the pulse rate increased from 10 to 
40 per cent above normal, as indicated by the symbol 0 in the charts 
(part B). The increase was grossly proportional to the dose of the 
hypnotic administered under constant conditions as to age and supple- 
mentary anesthetic. Exceptionally, quite wide variations occurred, but 
generally with minimal doses of avertin. The nature of the supplemen- 
tary anesthetic administered bore some relation to the changes in the 
pulse rate; i. e., with the exception of the age group from 1^ to 17 
years, the increase was least with ether anesthesia and maximal with 
local anesthesia. The changes were greatest in young patients and 
decreased progressively with increasing age. Smaller changes occurred 
in females than in males. 

Postoperatively the pulse rate varied from the level established during 
the operation with both the dose of the hypnotic and the nature of the 
anesthetic supplement; i. e., the pulse tended to increase with small 
doses of avertin (50 to 75 mg.) and to fall after maximal doses (above 
85 mg.). Ether, nitrous oxide, oxygen and ether or local supplements in 
the main either inhibited a further rise or depressed the postoperative 
pulse rate. 

Blood Pressure . — During the operation the systolic pressure increased 
as a rule and partially or completely compensated for the fall which 
occurred preoperatively, so that with the exception of those receiving 
small doses of avertin and the aged ones the values were from 3 to 10 
per cent below (exceptionally above) the normal values. The degree 
of recovery was greatest with young and least with aged patients. The 
depression of the vasomotor center was proportional to the dose of 
avertin administered. Postoperatively the median systolic pressures 
were from 4 to 25 per cent below the original normal values ; normal 
levels were exceptional. 
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Diastolic pressures both during operation and postopcrainc > ucrc 
extremely variable. The sigiuhcancc of the data is qucstiona > c. 
the systolic and diastolic oscillations were grossly parallel. 

Respiration.— The respiratory rate increased from 30 to 00 i)cr cait 
during the course of the anesthesia. The changes were greatest with 
nitrous oxide and oxygen and least with an ether supplement. The 
volume became distinctly more shallow than normal and compensated 
partly for the change in rate. The respiratory depression was apparent, 
and although it was possible to maintain surgical anesthesia in the 
absence of cyanosis in the great majority of patients, the margin of 
safety was narrow and the responsiveness to carbon dioxide or rebreath- 
ing was distinctly diminished during the first thirty to forty-five minutes 
of anesthesia. These difficulties diminished as the operation progressed 
owing to the fact that the depressive effects of avertin were wearing off. 
Postoperatively the respiratorj' rates varied on either side of normal, 
but more frequently remained slightly above normal for from one to 
two hours. The minute volumes remmned below normal for variable 
periods (duration of postoperative sleep), and occasionally cyanosis 
developed. 

Restlessness . — Movements during the period of operation rarely 
occurred, but were noted occasionally even after medication with 
maximal doses of the hypnotic (100 mg. per kilogram) and morphine 
(% grain) supplemented wdth nitrous oxide and oxygen. Such reactions 
^Yere most frequent after small doses of avertin, but were not unusual 
in the presence of local anesthesia, irrespective of the dose of avertin 
administered. 

Postoperative restlessness was obsen^’ed more frequently than would 
be expected from previous reports. The frequenej* of occurrence bore 
an inverse relation to the dose of avertin. The frequency was lower 
with local than with other supplements. At least part of the postoperative 
reactions were due to the general anesthetic. Ether ex^gerated the 
reaction to avertin to the greatest degree and nitrous oxide and oxygen 
least. The frequency of occurrence, as rvell as the percentage of the 
entire group of patients medicated postoperatively either for pain, rest- 
lessness or both, IS illustrated in the charts. The postanesthetic move- 
ments noted following medication with avertin, although as frequent as 
with pentobarbital sodium, were distinctly less troublesome, and the 
patients required less nursing attention. 

Postoperative Sleep.—Th& interr^al betiveen the conclusion of the 
operative procedures aud return of consciousness bore little if anv 
relation to the dose of avertin administered. In general thp ^ 

;VK greatest tvith ether, less rvith aitrotss oxide OMgen Lad tu . 

cast tvtth ethylene and oxygen. No postoperative sleep ivas obleTOd 
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in the group receiving local anesthesia. It appears, therefore, that the 
duration of the operatioh and the degree of depression due to the anes- 
thetic per se are of greater significance in governing the time of post- 
operative depression than the medication with avertin. The depressive 
effects of avertin have probably largely worn off by the time the surgical 
procedures are completed. Patients within the age range of from 1 to 
18 years were medicated with from 90 to 100 mg. (median, 100 mg.) of 
avertin per kilogram of body weight. On the basis of the total time of 
unconsciousness (operation and postoperative sleep) the immature 
patients appeared most tolerant to maximal doses of avertin. However, 
both aged and 3 mung patients were more deeply narcotized than were 
patients of intermediate ages. The quantities of the supplementary 
anesthetics required in the extremes of age were less than in the inter- 
mediate ages (the hypnotic dose and anesthetic being constant), and the 
operative procedures were of less severity and of shorter duration in 
the young age group. Young patients are probably not more tolerant 
to avertin than are other age groups; on the contrary, as suggested by 
experimental studies of toxicity (Barlow), both young and aged patients 
are more sensitive to avertin, as evidenced by the greater percentage of 
patients in these two age groups who required no supplementary anes- 
thetic. However, the lower frequency of organic lesions and the greater 
recuperative capacity of young subjects as compared with other age 
groups may be of significance during the postoperative as well as later 
periods. 

Nausea and Vomiting . — Nausea was observed postoperatively in 
approximately 20 per cent of the general surgical patients. No clearcut 
relation between the frequency of its occurrence and the dose of avertin 
is apparent from the data. There are, however, indications that nausea 
occurred more frequently with small than with large doses and was 
somewhat greater in the presence of ether than with other supplements. 
Following niti'ous oxide and oxygen anesthesia, emesis occurred less 
frequently (age group below 19 years excepted) than nausea. The 
majority of patients nauseated following anesthesia with supplements 
other than nitrous oxide and oxygen also vomited. Nausea and emesis 
were more frequent in females than in males in the age extremes, 
irrespective of the dose of avertin or the nature of the supplementary 
anesthetic. No difference related to sex was apparent in the group from 
18 to 39 years of age. The divergence of this single group may be 
accidental. 

Amnesia. — Eight 3 ’’-five per cent of patients medicated with avertin 
had complete amnesia for from two to six hours after operation. The 
remaining 15 per cent had amnesia of more than six hours duration. 
The period of amnesia was directly proportional to the dose of avertin. 
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remembered the incision being made. 

Urimry Pi,M,/,s.-nc first specimens „( urine t.-iken iw®'!*": 
tivelv staved traces of albumin in a certain pcrceniage oi all ujics oi 
casei The frequency was lowest in the orU.opcdic R™'’!’; 

patients predominantly, and highest m the g.illhladdcr 
^ .1 • .1 ♦1,1. rmnii/iiirv iiiter- 


included immature i — — — . - . 

and thyroid groups. In other surgical groups the ircqucncy was inter 
mediate. The albuminuria in patients free from albumin preojieralively 
ranged from a faint trace to 4 -f . Albuminuria was present in 39 per 
cent of the entire group studied in detail. Relatively few of the specimens 
from females were obtained by catheterization ; however, 2S.7 per cent 
of the specimens from males likewise showed albumin, .“^o thrat the 
incidence remained high. The specimens taken fortj'-eight hours after 
operation were albumin-free as a rule, but occasionally traces per.sistcd 
for five or more days. The frequency of albuminuria horc little relation 
to the nature of the anesthetic supplement used, and the condition was 
observed with approximately the same frequency after medication with 
from 50 to 60 mg, as with from 80 to 90 mg. of avertin. The frequency 
bore a definite relation to the type of surgical case: greatest in the 
gallbladder group, next most frequent in the thyroid group and slightly 
less frequent in the group operated on for hernia and that treated by 
plastic su^ger}^ The frequency was significantly higher in patients more 
than 35 years of age. 

Hj^aline and occasionally granular casts were observed postopera- 
tively in 7 per cent of the total number of specimens studied. More than 
90 per cent of the specimens showing casts postoperatively had not 
shown casts preoperatively. The specimens taken from forty-eight to 
sevent3'-tv\m hours after operation were as a rule free from casts, but 
occasionally these persisted for several days. Specimens obtained from 
a 3 year old patient, although normal preoperatively, contained' both 
albumin and casts for from seven to nine days postoperatively. Casts 
were usually absent from the urine of orthopedic patients and those who 
had undergone operations on the brain or the breast, but the frequency 
bore httle relation othenvise to tlie tjqie of surgical case. The frequency 
was no greater with large than with small doses of avertin, blit this lack 
of correlation was only apparent in that older patients were medicated 
with minimal doses of the hypnotic . 

Red and white blood cells were occasionally reported in the urine 
^ ^ the preoperative conditions remained 

■^ider concerned the specimens were con- 

sidered as containing none. 
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Traces of sugar were observed postoperatively in a small proportion 
of specimens. In one case values of 10 mg. per hundred cubic centi- 
meters were observed, and the glycosuria persisted for more than a 
week. With few exceptions, however, glycosuria following this anes- 
thetic sequence was no more frequent or greater in degree than in the 
absence of avertin. 

OBSERVATIONS ON SPECIAL SURGICAL GROUPS 

Nature of the Anesthesia. — Thyroid : The optimal anesthetic sequence 
for operations on the thyroid appeared to be morphine (% grain) , atropine 
(Viso Strain) and avertin (from 80 to 90 mg. per kilogram), supple- 
mented with nitrous oxide and oxygen. All anesthesias obtained with 
this sequence were good. With smaller doses of avertin (from 60 to 
70 mg.) anesthesias were distinctly less satisfactory, irrespective of 
whether nitrous oxide and oxygen or nitrous oxide, oxygen and ether 
were administered, but aged patients responded somewhat better than 
younger patients. 

Gallbladder: In the group which was operated on for disease 
of the gallbladder the anesthesia and the relaxation obtained following 
medication with morphine and avertin (from 80 to 90 mg.) and the 
administration of nitrous oxide oxygen and ether were distinctly better 
than with lower doses of the hypnotic. Aged patients received smaller 
doses of avertin (from 50 to 70 mg.), and nitrous oxide and ojg^gen 
as a supplement. A greater percentage of fair anesthesias was obtained 
with this sequence than with that including nitrous oxide, oxygen and 
ether. 

Brain: The optimal anesthetic sequence in this group, as judged 
by the observations made, was avertin in doses of from 50 to 70 mg. 
per kilogram, supplemented with local anesthesia. The frequency of 
movements during the course of the anesthesia was considerable, how- 
ever. Ether, although somewhat less satisfactory owing to the greater 
frequency with which side actions occurred, nevertheless was the anes- 
thetic of choice, in that relaxation was maximal and anesthesia complete. 
Avertin in doses of from 75 to 100 mg. per kilogram produced a nar- 
cosis of such degree that in 2 of the 13 patients no supplementary 
anesthetic was required. With such maximal doses of the hypnotic, 
local anesthesia was least and nitrous oxide, oxygen and ether most 
satisfactory. 

Gynecological : Ninety-seven per cent of the anesthesias following 
medication with morphine (}i grain), atropine (Hso grain) and 
80 mg, of avertin per kilogram were satisfactory in the presence of a 
nitrous oxide, oxygen and ether supplement. Poor anesthesias were 
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than with medium doses. 

Pulse Rate.— Thu median change in pulse rate following prcmcc i- 
cation unimportant. Ko change tvas noted in the gynccologtcal 
group, irrespective of the dose of the hypnotic. With the remaining 
'croups the data suggest that directional changes arc inverse to the 
drange in systolic pressure. The correlation is imperfect, however; 
i. e., the variability' is within a range of plus or minus 10 per cent, and 
may be insignificant. 

During the operation the pulse rates of the thyroid grou|) increased 
from 10 to 25 per cent above the values on admittance (100 per cent). 
The degree of change was proportional to the hypnotic dose. Com- 
parable changes occurred with other groups. The altered pul.se rate 
was probably compensatory' for the altered blood prc.ssurc, hut the 
correlation with either systolic or diastolic pressure was imperfect. 
Postoperatively the pulse rate remained somewhat above nonnal. 

Blood Pressure . — In the thyroid group the depression of the systolic 
pressure following medication was proportional to the dose of the 
hy'pnotic administered ; i. e., a median decrease of 7.5 per cent occurred 
with doses of from 60 to 70 mg. per kilogram and a fall of 16 per cent 
with from 80 to 90 mg. The systolic change was significantly greater 


in patients more than 50 years of age than in younger subjects, even 
with minimal doses of avertin. The diastolic pressures grossly paralleled 
the systolic levels, but were more variable. The aged group proved the 
exception in that, although the systolic pressure was reduced maximally, 
the diastolic pressure remained unchanged; i. e., it actually increased 
in relation to the systolic level. During the course of operation the svs- 
tolic pressure increased above normal. The degree of rise from the pre- 
operative level was greatest in the presence of small doses of the 
hypnotic. Postoperatively the systolic pressure decreased from the 
anesthetic le\el; i. e., with minimal doses of the hypnotic the pressures 
noted with middle-aged subjects remained slightly above normal, but 
fell below nonnal with maximal doses. The tall noted in aged patients 
was distinctly greater even with minimal doses of the hypnotic than the 
fall obseiwed in younger subjects. The diastolic pressures remained 
within a nonnal range postoperatively. 

In the gallbladder, brain and gynecological groups the median pre- 
operative blood pressures differed insignificantly from those discussed 
tor the thyroid group, but the rise during anesthesia as well as the post- 

operahve fall was of smaller magnitude in these groups than' in the 
Ibyroul group. 
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The rise in blood pressure during anesthesia was least: with ether 
and greatest with nitrous oxide and oxygen. The supposedly, transient 
fall in blood pressure as indicated by the preoperative level is probably 
of greater duration than is generally appreciated. The depression of 
the circulatory system by avertin is maximal during the thirty to forty 
minutes following rectal instillation, but persists to a modified degree 
for at least from ninety to one hundred and twenty minutes longer. The 
rise from the medication level which occurs on the administration of the 
general anesthetic is partly due to anoxemia per se, in that the rise is 
maximal with nitrous oxide and oxygen and minimal with ether. Surgical 
manipulation is likewise contributory, as indicated by the changes noted 
in the group receiving a local anesthetic (with cerebral involvement), as 
well as in the absence of any supplementary anesthetic. The postopera- 
tive fall is due partly to removal of the stimulant effects of the anesthetic 
and to surgical insult, but quite probably the persistent depressant effects 
of avertin are also contributory. 

Period of Postope7'ative Sleep . — ^The duration of the postoperative 
unconsciousness was slightly longer in the thyroid, gallbladder and 
gynecological groups than in the massed series of surgical cases, irre- 
spective of the dose of avertin administered or the nature of the 
anesthetic suppleirrent used. Of the special surgical groups, those in the 
thyroid group recovered earliest, then those in the gallbladder and gyne- 
cological groups. In the brain group, no postoperative sleep was 
observed. The absence of significant postoperative depression in patients 
subjected to avertin and local anesthesia suggests that any effects of 
avertin persisting on conclusion of surgical procedures were insufficient 
to produce even moderate hypnosis, and that variations in the time 
required for the return of consciousness are explainable partly by the 
hangover effects of the supplementary anesthetic but more probably by 
the depressant effects of the surgical procedures. This explanation would 
seem to be substantiated by the fact that 2 patients who received large 
doses of avertin but no supplementary anesthetic, and who were sub- 
jected to operations on the brain slept one and seven and one-half hours, 
respectively. 

Restlessness . — More than half the patients in the gallbladder, thyroid 
and gynecological groups were restless postoperative^. The frequency 
was in the order named. Patients in the thyroid group receiving medi- 
cation with small or large doses of avertin were equally restless whether 
nitrous oxide and oxygen or nitrous oxide, oxygen and ether were used 
for supplementary anesthesia. Aged patients were more restless than 
younger subjects. In the gallbladder group patients were slightly more 
restless after small than after large doses of avertin, but those receiving 
large doses -were given nitrous oxide, ogygen and ether while those 
receiving small doses (including a greater percentage of aged patients) 
received nitrous oxide and oxygen. The frequency with which restless- 
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ness occurred in the gynecological group was independent o> the dose ol 
avertin. The occurrence of restlessness in the l)rain group may })a^■e 
some relation to the dose of avertin administered, m that niovcnicnts were 
less frequent after large doses than after small, mdependent nt the sup- 
plementary' anesthetic used. However, restlessness was much less tre- 
quent or entirely absent in the presence of local anesthesia, so the nature 
of the supplement contributes significantly to this unsatisfactory post- 
operative reaction. 

From 50 to 100 per cent of all restless patients ( with the exceiitiun 
of those in the brain group) received medication (indicated in the charts 
by a plus symbol) postoperatively. 

Nausea and Eiticsis.—A small percentage of patients in each of the 
special surgical groups showed this reaction postoperatively. The fre- 


Table 2. — Data in Relation to the Anesthetic Se(jiu‘itces 


N’nml«:r of Pntlcnt' of 

Nombcir of Sho'vtnp Pulmonnry Coini'tlcnllon? 


Anesthetic Sequence 

Cases 

Compllcntion' 

jv'r Cent cl Total 

Pentobarbital sodium, morphine nnd 
nitrous oxide and oxygen, nitrous oxide, 
oxygen and ether, or ether 

STS 

I 

O.CCI 

Avertin, morphine and nitrous oxide and 
oxygen, nitrous oxide, oxygen and ether or 
ether 

S17 

r» 


Morphine, atropine, nitrons oxide and oxy- 
gen, nitrous oxide, oxygen and ether or 
ether* 

505 

n 

".IS 

Morphine, atropine and ether 

1S3 


C.7 

local, \rith and Tvlthout morphine 

sn 

a 

0^ 


* TWs group incladed the ronjority of poor oDcstbctfe risks. 


quency was greatest in the gallbladder group and next greatest in the 
gynecological group. The major portion of the nauseated patients also 
vomited, but occasionally emesis occurred in the absence of nausea. 

■UNTOWARD REACTIONS IN THE ENTIRE GROUP 

One patient became hysterical and another vomited shortly after 
the^ administration of avertin. Postoperatively several patients com- 
plained of headaches, 1 suffered from a nerv'ous chill, 1 became 
Nationally talkative and 4 (0.94 per cent of the group studied in detail) 
showed marked respiratory depression. Two of those showing respira- 
tory depression received morphine postoperatively'. 

The blood pressure fell to moderate shock levels (90 mm. of 
mercury or less) at some time during the course of anesthesia or on 
conclusion of the operative procedures in approximately 10 per cent of 
tie total series, and became imperceptible in slightly less than half the 
pahente showing such reactions. Low blood pressure obsen-ed pre- 
operatn-ely, i. e.. after medication with avertin, as a rule returned to 
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normal or e\ en above normal on administration of the general anes- 
thetic, especially of nitrous oxide and oxygen. One half of the patients 
in whom shock reactions occurred were treated, usually with ephedrine 
(% grain [48.5 mg.]). 

The frequency with which pulmonary complications ranging from 
definite bronchitis to atelectasis or pneumonia occurred during 1932 in 
a carefully studied group of general surgical cases with a series of 
anesthetic procedures is indicated in table 2. 

Five deaths occurred in the group of 585 patients subjected to 
anesthetic and surgical procedures whose records were examined. One 
patient died one hour and a half after the removal of the major portion 
of one frontal lobe of the brain. The surgical procedures following 
which the other patients died were: an exploratoiy laparotomy; ampu- 
tation of a leg; a gastric resection and the removal of an embolus. 
With the exception of the case in which a cerebral operation was per- 
formed, death occurred from ten hours to four days postoperatively. 
Avertin was not considered contributory to the fatal termination in 
any of the patients receiving the drug. 

SUMMARY AND CONCLUSIONS 

A general survey has been made of 1,831 records of anesthesias in 
which the patients were given morphine, atropine and avertin 
in doses of from 50 to 100 mg. (median 80 mg.) per kilogram of body 
weight, supplemented with several types of general anesthetics. The 
dose of the hypnotic was adapted to the age and general condition of 
the patient. Young patients (from 1 to 18 years) received maximal 
doses (90 to 100 mg. per kilogram). Aged patients as a rule received 
minimal doses. The optimal average adult dose of avertin appeared to 
be from 80 to 85 mg. per kilogram. 

Ninety-two per cent of patients given premedication came to the oper- 
ating room asleep. Occasionally (following medication with small doses 
as a rule) movements persisted. On arrival the patients were usually 
relaxed and, although satisfactorily analgesic, still responded to painful 
stimuli. The pulse rate was variable, and occasionally wide oscillations 
on either side of the normal rate were noted. The median rate increased 
slightly with small doses, but was either unchanged or slightly depressed 
by maximal doses. The extremes of age were associated with the least 
stability. The values of the blood pressure and pulse rate bore an 
inverse relation. The median blood pressure decreased 18 per cent, 
with a maximal range of from 5 above to 40 per cent below normai. 
Changes were minimal with the young and maximal with the aged 
patients. The respiratory rate was either unchanged or accelerated b} 
medication; i. e., if a significant depression of respiration occurred 
the rate increased. The volume was rendered more shallow. The 



barlow ET AL.-PREANBSTIIEriC MEDICATIOS 


S'’? 


™„u.e volume uas depressed in proportion to the >>“1 
administered, and the percentile decrease varied '7" f J" f,' ' 

70 mg. of avertin) to 40 per cent with maximal doses ot the h\pnotic. 

In exceptional cases, doses of 90 mg. reduced the minute volume more 

than 50 per cent. . c ai„> 

Induction of anesthesia was rapid. From SO to So per cent ol t ^ 
anesthesias were good; the remainder, fair or poor. Poor anesthesias 
were noted more frequently after small doses of avertin, and were 
more frequently ohser^'ed with an ether supplement than with other 
general anesthetics. Iilovements occurred not infrequently in the course 
of local anesthesia following medication with avertin in doses as^ high 
as 90 to 100 mg. per kilogram. Patients in the thyroid, brain or 
gynecological groups responded less satisfactorily than did patients sub- 
jected to other types of operations. Young patients reacted better than 
aged ones and males somewhat better than females. 

The pulse rate was accelerated from 10 to 40 per cent above the 
normal during anesthesia. The degree of change was variable, but 
grossly proportional to the dose of the hypnotic administered under 
constant conditions as to age and supplementary anesthetic. 

The blood pressure increased during the course of operaUon and 
partially or completely compensated for the fall that occurred follow- 
ing premedication. The increase noted was greatest after minimal doses 
of avertin, and was of distinctly smaller magnitude in aged as compared 
with younger patients similarly medicated. The blood pressure of the 
th)'roid group increased to a significantly greater degree than was 
observed in other surgical groups. The increase in diastolic pressure 
was usually of greater magnitude than the accompanying systolic 
change. 

The respiratory rate increased from 30 to 60 per cent during anes- 
thesia. The volume remained more shallow than normal. The respiratory 
depression apparent following premedication was partly counter- 
acted by the anesthetic procedures. The margin of safety was narrowed, 
and the responsiveness to carbon dioxide was reduced. This dis- 
turbance diminished somewhat as the effects of avertin wore off. Post- 
operatively the respiratory rate remained slightly above normal for 
from one to two hours. The minute volume became either normal 
or approached the level at premedication. Exceptionally cyanosis 
developed. 

Postoperative restlessness was obsen-ed in from 20 to 60 per 
cent of the patients, but was not troublesome from a nursing standpoint 
although from 50 to 100 per cent of the restless patients received medica’ 
tion.^ The frequency with which restlessness occurred bore an inverse 
relation to the hypnotic dose administered. The complication was less 

requent in aged than m younger persons. Little difference in this 
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respect was noted among the various surgical groups. At least part of 
the postoperative movements were due to the nature of the general 
anesthetic used, in that ether appeared to exaggerate the reaction, 
whereas movements were minimal in the presence of local anesthesia. 

The duration of postoperative sleep bore little relation to the dose 
of avertin administered. The period of postoperative unconsciousness 
was significantly influenced by the nature of the anesthetic supplement 
and the duration and severity of the operative procedures'. The duration 
was greatest with an ether supplement, and no sleep occurred after 
local anesthesia. The young and the aged patients appeared to be 
somewhat more sensitive to avertin than the normal adults. 

Nausea and emesis occurred in approximately 20 per cent of the 
general surgical patients during the postoperative period. The fre- 
quency was greatest in the gallbladder group. The correlation of 
frequenc}’- was not close, but nausea and emesis appeared to be greater 
in females than in males and somewhat greater with small doses than 
with maximal doses of the hypnotic. 

A moderate degree of renal damage occurred following the admin- 
istration of avertin. Albumin (30 per cent frequency) and casts (7 per 
cent frequency) were observed in the specimens of urine taken twenty- 
four hours postoperatively. The majority of the specimens taken from 
forty-eight to seventy-two hours postoperatively showed no albumin or 
casts; exceptionally, traces persisted for several days. Traces of sugar 
were noted not infrequently, but were considered unimportant. How- 
ever, 1 patient showed severe glycosuria postoperatively, and the condi- 
tion continued for more than ten days. 

Undesirable reactions following medication with morphine, atropine 
and avertin included a rather significant fall in the blood pressure and 
a definite depression of the respiratory volume, which occasionally was 
marked. If the depression was significant the rate became accelerated. 
The depression of respiration was apparent during the anesthesia in 
that the anesthetic margin was reduced. One patient became hysterical 
and another vomited shortly after the administration of the hypnotic. 

Shock reactions of greater or less degree were obsen^ed in approxi- 
mately 10 per cent of the patients either during the operation or during 
the postoperative period. The blood pressure became imperceptible in 
half of these and the patients required treatment. 

The use of a morphine-atropine-avertin-supplementary anesthetic 
sequence reduced the frequency of pulmonary complications signifi- 
cantly as compared with a morphine-ether sequence. The frequency of 
pulmonary complications following the avertin sequence did not differ 
to a noticeable degree from that following a morphine-atropine-nitrous 
oxide, ox3'gen and ether sequence, especially when the greater number 
of poor operative risks in the latter group are taken into consideration. 
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The optimal anesthetic sequence, as judged l)y tlic infrequency with 
which undesirable side actions occurred and the significantly lower fre- 
quency with which pulmonary complications were observed as cotn- 
pared with any other anesthetic sequence tested, aiqx'ars to he as 
follows; medication with pentobarbital sodium, inorpbine and atropine 
and the establishment of surgical anesthesia by means of a nitrous 
oxide, oxygen and ether supplement. 
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ACUTE INTESTINAL OBSTRUCTION 

IMMEDIATE AKD LATE RESULTS IN A HUNDRED CONSECUTIVE CASES 


CALVIN B. RENTSCHLER, M.D. 

READING, PA. 

This article is based on an analysis of the immediate and late results 
in one hundred consecutive cases of acute intestinal obstruction in which 
operation was performed at the Reading Hospital from August 1925 
to August 1933. 

Intestinal obstruction or ileus is the term used to indicate a stoppage 
of the fecal current, this condition being secondary to some pathologic 
process within or without the intestine, which is the primary condition. 
If the primary condition is mechanical, there is a mechanical obstruc- 
tion; if it is due to a nervous or toxic influence which paralyzes the 
intestines, it is a paralytic or adynamic ileus, and if it is due to a 
spasm or contraction of the intestinal wall, it is dynamic ileus. 

By far the larger number of instances of obstruction are due to 
mechanical agents. In the present series the causative factor was 
mechanical obstruction, and in all the cases the obstruction was acute 
and complete. Cases of pyloric obstruction, carcinoma of the rectum, 
postoperative ileus and mesenteric thrombosis were not included. 

The data covering the end-results were obtained by a questionnaire 
sent the patient, and the information was received from the patient, a 
member of the immediate family or the family physician. The ques- 
tionnaire was sent one month after the last patient was discharged 
from the hospital. 

CLINICAL DIAGNOSIS 

The diagnosis is made largely on the basis of the history and the 
physical examination. Early diagnosis is not always easy. Usually, 
however, within a few hours, highly suggestive symptoms are present. 
Among these may be mentioned intermittent pains, nausea, vomiting, 
inability to pass gas, violent peristalsis and a failure of enemas to 
relieve the distress. The tighter the constriction is, the more sudden the 
attack. The pain usually becomes generalized, violent and continuous, 
with sharp exacerbations. The continuous pain is due to the constriction, 
the exacerbations to the colic of peristalsis as the intestine above the 
obstruction vainly lashes itself in its efforts to force material through 
the block. All the patients in this series had pain. Vomiting comes 

From the Surgical Service of the Reading Hospital. 

Read before the Berks County ^Medical Society, Nov. 14, 1933. 
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on soon after pain. At first, it is reflex. It is accoinpanicti by nausea 
and soon by severe retching, %Yhich continues praclicaily witlioul relict, 
whetlier food is taken or not. Depending on the size of the block, the 
material vomited consists of, first, gastric contents, next, bilious matter, 
then, bromi intestinal contents and, finally, material which is fec.al in 
character. In the present series eighty-four patieuts vomited ; itt uiuc 
the s 3 'mptom was not mentioned in the histor\', and in seven there was 
no vomiting. A prominent symptom of intestinal obstruction is the 
complete cessation of the passage of gas and feces. It is important to 
remember, however, that in the inception there may have been a pas- 
sage of flatus, or even a bowel movement, owing to peristalsis emptying 
the intestine below the site of the obstruction. As time goes on, in 


1 . — Cauxes of Inicstino! Olstniclioi: 


Xnmbcr o! 

Pathologic I’roccss Cofes 

Hernia -tO 

Adhesions 1 ? 

Carcinoma of th'- Intestine 

V olTulns .•> 

rnfussusception 4 

-Uresia of the intestine 2 

Gallstones 2 

Concretions 2 

Metastatic growths 2 

Meckel's diverticulum 1 

Tuberculous peritonitis 1 


Number of 
n.’ntli? 

b', 


1 

<1 

0 

0 

0 


Morlalltj', 
j'cr Cent 

Tzn 

r-e.S) 

40.0 

Tlj.O 

m.o 

M.d 

iro.o 

0.0 

0.0 

0.0 


spite of the great desire on the part of the patient for an evacuation, 

there- is complete failure. Enemas are returned clear or require siphon- 
ing off. 


A serious evil in the inanageinent of all acute abdominal disorders 
IS the administration of morphine before the diagnosis has been made. 
The warning of intermittent colickj- pain is silenced, the medication 
a ters the sj-mptoms and produces new symptoms and, worst of all, 
much valuable time is lost. 

Other S3-mptoms of the condition are a progressively anxious expres- 
sion, pallor, rapid and weak pulse, diminished output of urine, which 
contains large amounts of indican, subnormal temperature, dr 3 r tongue 
mi foul breath, t3Tnpanitis and collapse. 


LABOR-ATORY DIAGXOSIS 


is tw ul" T material available for laboratory diagnosis, nor 
a Mofvi a routine urinalysis is imperative and 

> M 04 al .0 be do„e. Le„k„c>4osis is absenHn es* 

- • Later, me, dent to the dehydration brought about bv vomiting 
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a high ]eukoc 3 ’’te count may be present, with similar increases in the 
hemoglobin and red blood cells. 

Blood chemistry is only of prognostic and therapeutic value. Eleva- 
tion of the blood urea, decrease in the plasma chloride and alkalosis 
occur regularly in high obstruction after about two days of vomiting, 
but are not early signs of acute intestinal obstruction. In low obstruc- 
tions these changes are usually absent. 

Roentgen examination following the administration of barium sul- 
phate by mouth should never be done in these cases, for it aggravates 
the condition, and the diagnosis can be made without it. Recently, the 
"'flat plate" of the abdomen has been employed. This was used origin- 
ally by Schwartz,^ in 1911. Case- introduced the procedure in this 
country about the same time. In man}'- hospitals the procedure is a 
routine in all cases in which intestinal obstruction is suspected. The 
patient is given an enema, and the picture is taken with the patient 


Table 2. — Age Incidence in- the Hundred Cases Reported 


Age 


Xuniber of Cnses 


Birth to 5 yeara 9 

6 to 10 years 1 

11 to 20 years 1 

21 to SO years 9 

31 to 40 years 6 

41 to 50 years 19 

51 to 60 years 21 

61 to 70 years 2i 

71 to 80 years 8 

81 to 00 years 5 


standing up or lying down, depending on his condition. Normally, 
there is not enough gas in the small intestine to be recognized in a 
roentgenogram. In obstruction of the small intestine, collections of 
gas can often be seen early. There are two types of intestinal outline; 
(1) a herring-bone appearance, due to the gas giving a feathery or 
slashed appearance to the intestinal loop, and (2) a ladder arrange- 
ment of the shadows of the intestinal coils, when the distended loops He 
parallel. The latter appearance is pathognomonic of acute obstruction 
requiring immediate surgical intervention. The herring-bone aspect 
signifies a degree of hindrance which constitutes a serious menace to 
the patient, but which has, in some instances, been seen to appear and 
later disappear under nonsurgical treatment. 

If an obstruction of the colon is suspected, a barium enema siionld 
be given to prove and to locate it. 

In table 2 the age incidence in the cases in this series is shown. 

1. Schwartz, G.: Die Erkennung der tieferen Diinndarmstenosc niittels dcs 

Rontgenverfahrens, Wien. klin. Wchnschr. 24:1386, 1911. _ a T 

2. Case, James T. ; Roentgenological Aid in the Diagnosis of Ileus, - ni. 
Roentgenol. 19:413 (May) 1928. 
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The ages from 21 to 70 years present greatest mculcncc. the 
average Je being 48.7 years. The youngest patient was 2 days old, and 
the oldest 85 years. There were fifty-three females and lorty-sc%cn 

The hospital incidence was in a ratio of one to four hundred and 
three admissions. 

differei^tial diagnosis 

The lesion for wliich early simple intestinal obstruction is prob- 
ably most often mistaken is the "simple belly-ache,” under which cate- 
gory one might list indiscretions in eating, abdominal allergic reac- 
tions and acute enterocolitis. In these, however, diarrhea is usualh a 
prompt symptom, and vomiting is much less in the foreground than in 
obstruction. Even while the early vomiting of intestinal obstructioii is 
reflex, as it is in gallstone or renal colic, the vomiting of obstructioii 
is more frequent, more urgent and more copious than in other types of 
reflex vomiting. 

Simple obstruction of the intestine causes colicky pain and colics, 
but these are often unaccompanied by local signs, in contradistinction 
to all the other colics of the abdomen, which are soon followed by 
local tenderness over the seat of the lesion. The pain of intestin.al colic 
quickly reaches its acme, and falls rather abruptly, being sustained for 
only two or three minutes and recurring again after a free interval. 
The duration of the painful seizures attending distress in the gall- 
bladder or kidney is much longer sustained. 


Extra-abdominal lesions, such as syphilis of the central nervous 
system, tumors of the spinal cord, artliritis and tuberculosis of the 
spine, may cause rigidity of the abdominal muscles, but tenderness is 
usually absent. In the extra-abdominal lesions the pain is usually more 
continuous, and nausea and vomiting are not prominent. In the colics 
of gastric crises, other neurologic findings serve to identify the disease. 

In strangulation obstruction a large number of conditions must 
necessarily be thought of in the differential diagnosis, including; all the 
abdominal colics, such as gallbladder and renal seizures ; the inflamma- 
toiy- conditions, such as appendicitis, salpingitis, peritonitis and renal 
infections ; pancreatic necrosis and diaphragmatic pleurisy, purpura 
and other cutaneous lesions, with hemorrhage into the intestinal wall, 
and torsion of other organs, especially cystic ovaries and even the 
testes. In the case of an ovarian cyst twisted on its pedicle, the stetho- 
scope and the local examination serr^e to differentiate, and vomiting is 
usually less marked and even absent. 


In many cases there is difficultj'^ in 
diagnosis. 


ai riving at an absolute definite 
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There is, however, one comforting fact, namely, that practically all 
the conditions with which acute intestinal obstruction is likely to be 
confused demand operation almost as imperatively as does intestinal 
obstruction. 

When one waits until all the points in the differential diagnosis 
can be explained accurately the patient usually dies. 

Twenty-five patients had abdominal operations previous to obstruc- 
tion, but in five of these there was no logical causal relationship for the 
later diagnosis. 

PROGNOSIS 

In complete intestinal obstruction death is inevitable unless there is 
surgical intervention, and the longer surgical intervention is delayed. 

Table 3. — Previous Operation in Patients with Intestinal Obstruction 


Operation Number o£ Cases 

Appendectomy (approximately one half drainage cases) 14 

Laparotomy for trauma 2 

Panhysterectomy for a malignant process 1 

Cholecystectomy 2 

Inguinal hernia 2 

Exploratory laparotomy and appendectomy 1 

Bilateral salpingectomy and appendectomy 1 

Ovarian cyst and appendectomy 1 


the smaller will be the patient’s chance of recovery, ililler ® stated that 
the mortality increases approximately 1 per cent with each hour of pro- 
crastination, and Moynihan said that any mortality over 10 per cent 
should be regarded as the “mortality of delay.” 

LEVEL OF OBSTRUCTION 

It is generally recognized that obstructions of the colon are less 
fulminating than those of the small intestine. Furthermore, it is also 
true that obstructions high in the small intestine are more rapidly fatal 
than those situated lower. Of course, if interference with the mesen- 
teric circulation is present, death will occur as quickly in one situation 
as in another, as a result of the infarction of the intestine. In the 
present series the small intestine was the site of the obstruction in 
seventy-seven instances, the large intestine in twenty-one cases and 
both in two instances. 

3. Miller, C. Jeff.: A Study of Three Hundred and Forty-Three Surgiral 
Cases of Intestinal Obstruction, Ann. Surg. S9:9I, 1929. 
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OWSE OF I^E•^TU IK ACUTE IKTESTiSAU ^ _ ^ ^ 

Much experimental work has heim 51 ,,,,,;^^ have 

ot death in acute intestmal obstruclmu. m ’ ; , . 

been advanced. In general the condusum^ t.dl nun h. . , 

1. Invasion ol the body by baclena trom 5 ,, 

This obstruction is often accompanied by ,uVj -‘nd cub 

Wnwf'vnv death often occurs without jhiu . • . • 

sre :-t'-!iif. 


f't 
iille’- 


the blood. However, death often 
tures from the blood, liver, spleen and other t>r<,;nn‘- ar 

2. The nen,-Qus reflex thcoiy- has been advanced a*, the • -u.^i ^ 
death. Thus, in volvulus, especially of a large portion ot tne nne-. 
tine, reflex shock seems to play a great part. W hcncver t le^ ’l'’*; _ 

ply to the intestine is interfered with, the symjnoms are inni ^-n!, 

and there are early necrosis and perforation. 

3. Most investigators now agree that the syitiptoms of olotrurtion 
due to tlie absorption into the system of poisonou*^ tnatcrial troni 


are 


Table 4. — Mortality In Rchlion To Anortln-s'.o 



Xv.wl''r oS 

S:unV? ol 


Trpe oI Anestliesia 

Ca«''- 

U'-alli* 

rr;:t 

Local (ptocabe hrdtocUoridc) 


• 

■ < 

Sittous oxide and ether 


♦> 

i; 

Xittous oxide 


f. 


Spbat 


(. 

r-(i 

Ether 


. :> 


Spinal and genetal..., 

1 ? 

n 

ci.n 

Local and general 


4 

Itoxi 


the obstructed intestine. This is the chemical poison or toxic theory. 
The possible routes by rvhich the toxin enters the circulation arc 
through the peritoneal cavity via the lymphatic stream or directly into 
the portal blood. There is some question as to whether the toxin is 
found in the lumen or in the mucosal cells. It has been shown experi- 
mentally by Scholefield^ that bacteria and a highly organized mucosa 
are necessary' factors. Furthermore, intra-intestinal pressure and time 
are important elements in the production of this toxin. Whipple and 
Stone isolated, by precipitation with a solution of 95 per cent alcohol, 
a substance which resembled proteose. This could be redissolved in 
water, and was precipitated by half saturation with ammonium sulphate. 
One hundred milligrams of the substance was sufficient to kill a dog 
weighing 15 pounds ( 6.8 Kg.). 

Sir Frederick Treves pointed out in his book on intestinal obstruc- 
tion that the final outcome in these cases was not primarily dependent 
on the actua l stoppage of the flow of material along the intestinal tract. 


t ” = 160 (Apnl) 1927 

... WTiipple, A. O.; Safetj- Factors in the Treatment of Amf,. T f 1 
Obstruction, Boston M. & S. J. 197:218, 1927. Intestinal 
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but lathei on the absorption of toxic products from the disordered 
intestine, resulting in septic infection of the whole body. He stated 
that the subjects of acute intestinal obstruction die for the most part 
with the phenomena of septic poisoning, and if a certain stage has been 
passed, the mere relief of the obstruction does not save life. 

Table 4 suggests that a simple type of anesthesia, such as local, 
nitrous oxide or spinal anesthesia, is less hazardous than a combination 
of any one of these with ether anesthesia. 

TREATMENT 

The essence of the treatment of acute intestinal obstruction is early 
diagnosis and early surgical intervention. When the decision to operate 
has been made, no time should be lost in preoperative preparation. Dur- 
ing the time that preparations are being made in the operating room, 
the patient’s stomach should be evacuated by lavage, and dextrose and 
physiologic solution of sodium chloride should be given intravenously 
and subcutaneously to restore the fluid balance and replace the lost 
chlorides. 

When there is early surgical intervention, the choice of anesthetic is 
not so important; however, to administer inhalation anesthesia to a 
patient who has regurgitant vomiting and considerable distention, even 
though the stomach has been emptied, adds hazard to the operation. 
Spinal anesthesia is ideal. 

The surgical procedure is based on its relation, not only to the 
pathologic condition present, but also to the condition of the patient. 
No more should be done than the patient’s condition warrants. It is 
here that surgical judgment and experience count a great deal. In some 
instances, a complete operation may be performed, that is, finding and 
releasing the obstruction and restoring the continuity of the intestine, 
whether this is done by mere release of the constricted intestine or by 
resection. 

In other cases, drainage of the intestine by enterostomy, exterioriza- 
tion, cecostomy and colostomy is all that may be done with safety. In 
the latter cases, a secondary operation is often performed later. 

The postoperative treatment is as important as the diagnosis and the 
operation, and varies in each instance. Three things are of paramount 
importance: The stomach must be emptied by lavage if necessary. Lost 
body fluids must be replenished in the form of hypertonic saline and 
dextrose solution. The patient’s general condition must be guarded, with 
particular attention to the cardiovascular system. 

RESULTS OF OPERATION 

Immediate.— In my series fifty-nine patients survived and forty-one 
died. Of the forty-one who died, all had preoperative vomiting excep 
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four The tour avIio did uot have preoperative vomiting had a strangti- 
lated intestine at the time of the operation, and two required 
resections. There were trventy-five postmortem examinations. It mo. t 
of the twentv-five. a continuation of the findings at operation was found, 
namely, peritonitis and gangrene of the intestine. In four ca.ses there 
was massive postoperative pneumonia, in three, marked I^ostojier. 
adynamic ileus, and one patient died on the operating table fifteen 
minutes after nitrous oxide anesthesia was started. The last mentioned 
patient had been toxic, with a diagnosis of strangulated inguinal henna. 


T.\ble 5 . — Mortality In Relation To Ol'cralh'c rioci-dnrr 


Procedure XiimlxT of 

Bepair of hernias 

Kelease of adhesions 

Reduction of volvulus and intussusception 

Resection ^ 

Resection and drainage of the intestine. 


Enterotomy * 

Enterostomy 1 

Cecostomy 1 

Colostomy •! 

Obstruction not found 1 


Mortality 

» 

w 

•J 

1 

C 

r. 

2 

1 

1> 

1 

1 


T.^blf. 6 . — Coinparathc Mortality of Scries of Various Authors*' 


Scries Mortality, per Cent 

Cornell; .Inn. Surg. 93 : SIC, 1932 m.lS 

Deaver and Ross: Ann. Surg. 83 : 571, 1926 42.0 

Finney: Surg., Gyuee. & Obst. 32; 402, 1921 30.0 

Kosliu: Ann. Surg. 93 ; 821, 1932 C5.3S 

Mclver; Areh. Surg. 23 ; 1093, 1932 3}.0 

MiUer® CO.O 

Rentschler 41.0 

Seelaus; Pennsylvania M. J. 35 ; 17, 1931 53.0 

Yidgofi: Ann. Surg. 93 5 801, 1932 51.4S 


• The statistics ivere not all based on the same premises. 


and had vomited for four days prior to operation, having refused to 
permit surgical inten^ention. One died of a Bacillus Wekhii infection. 

Of the sixteen cases in which postmortem examination ivas not 
permitted, twelve died on the day of the operation. Four died following 
extensive intestinal resection; two others had gangrenous and necrotic 
intestines, but in neither case did the patient’s condition warrant resec- 
tion. Three patients who had intussusception had blood in the stool 
for more than forty-eight hours, and the abdomen ivas markedly dis- 
tended prior to the operation; one refused to permit operation until it 
was practically too late and one died with the clinical diagnosis of 
bronchopneumonia seven days after the operation. Three patients were 
oO years, or more, of age. 
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Late. — ^Fort 3 '-seven of those who survived stated that they are gen- 
erally well; however, four have incisional hernias. Three had minor 
operations, irrespective of the original condition, and two had major 
operations, appendectomy and radical amputation of the breast for 
carcinoma. One woman had a hernia at the site of the operation, which 
was cured by operation, and at the end of two years had no complaint. 
Another also had an incisional hernia with intestinal obstruction which 
was cured by operation, but again a hernia resulted, which was repaired 
a second time; a year and a half after her third operation she was in 
excellent condition. 

Two, who had a malignant process in the intestine, are still living; 
in one, fourteen months after a colostomy, the primary growth was 
inoperable, and the other was generally well and working one year 
after the excision of the intestinal growth. Several of the aged have 
afflictions such as myocardial degeneration. 

Twelve are dead. Three died of a malignant process in the intestines. 
Two died as a result of intestinal obstruction caused by a metastatic 
malignant process. Two died of tuberculosis ; one, of pulmonary tuber- 
culosis six years after the operation for intestinal obstruction, and the 
other, two months after the operation of a continuation of tuberculous 
peritonitis. Another died following an operation for recurrence of the 
intestinal obstruction ; both times the obstruction was due to adhesions. 
The four other deaths were a result of old age, one, a year, two, t\yo 
years, and one. three years later. 

CONCLUSIONS 

1. The mortality following acute intestinal obstruction is too high. 

2. The only wa}" to reduce the mortality is to relieve the obstruction 
before it is too late, 

3. Waiting for a perfect and detailed preoperative diagnosis is the 
cause of death in most of the fatal cases. 

4. In a case of eai'l}’’ obstruction, a complete operation can usually 
be safely performed. In late obstruction, one had better perform the 
operation in stages, rather than take too much chance on the life of 
the patient. 

5. Death is due to three primary factors ; obstruction of the fecal 
current, necrosis of the intestine and the production and absorption 
of toxins. 



SHOCK 

further studies with r.\RTICULAU REEERENCE TO Till: 
EFFECTS OF HEMORRHAGE 


ALFRED BLALOCK, M.D. 

NASHVILLE, TEN'N. 


In many oi the experiments on shock which I have prex inusi) 
reported, sodium barbital was used as the anesthetic. I'arsons and 
Phemister used ether or sodium barbital or cither of these supplemented 
by morphine in most of their experiments. Similar findings were 
reported^ by tlie tvvo groups of investigators. Sodium barbital in the 
dosages employed in these experiments produces unconsciousness, an 
acceleration of the pulse rate, a decline in the pulse pressure, occasion- 
ally a drop in the arterial blood pressure, infrequently early death and 
frequently a moderate amount of capillary congestion and hemorrhage 
in some of the organs of the body. Most of these changes arc pro- 
duced by any agent which will produce profound anesthesia for a 
number of hours. It is unfortunate that the cxpcriincntal production 
of a great many pathologic conditions has for humane reasons to be 
accompanied by a complicating factor such as an anesthetic. However, 
the finding that there was a loss of a sufficient part of the blood 
volume into the injured part to account for the low blood pressure in 
the experiments in which an extremity was traumatized, despite the fact 
that the anesthesia was profound, would seem to indicate that the circu- 
latorj' systems of the animals were not necessarily markedly impaired 
by the anesthetic agents. In order to obtain further information, addi- 
tional experiments were performed which are reported in the present 
paper. 

The initial experiments consisted of studies of the alterations in the 
blood and various tissues of the body that are produced by profound 
anesthesia. This was followed by experiments in which shock was 
produced by traumatizing an extremity, several different anesthetics 
being used, and the local loss of fluid, as well as the changes in the 


From the Department o! Surgery o£ Vanderbilt TJniversitv. 

This study was aided by a grant from the Fluid Research Fund of the Rof-t-P 
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1. Blaloek, Alfred: Experimental Shock; the Cause of the Low Blood Pres 
sure Produced by Iduscle Injury. Arch. Surg. 20:959 (June) 1930. Parsons 
Oise, and Phemister, D. B.; Haemorrhage and Shock in Traumatized Limbs' 
Surg., Gynec. & Obst. 51:196 (Aug.) 1930. ’ 
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tissues, was studied. The effects of a low blood pressure produced by 
other means, as by injecting histamine and acetylcholine and by causing 
an increased intrapericardial pressure, were next determined. These 
experiments led to others in which the effects of maintaining the blood 
pressure at a low level by hemorrhage were studied. The results of 
the experiments on hemorrhage appear to be the most significant, and 
this paper deals primarily with them. 

Probably the most generally accepted distinctive characteristics of 
shock and of hemorrhage are summarized in a recent editorial in The 
Journal of the American Medical Association f as follows: 

A recent paper ® indicates that two criteria are available to distinguish between 
shock and hemorrhage : In shock the blood becomes more concentrated, as shown 
by specific gravity, hemoglobin and erythrocyte count; following hemorrhage, 
dilution of blood occurs. In shock there are widespread capillary dilatation of the 
viscera, congestion accompanied by edema, and petechial hemorrhages; following 
hemorrhage the tissues are anemic. The differentiation of hemorrhage and shock 
is of more than academic importance. It is well known that recovery follows the 
introduction of physiologic solution of sodium chloride into the circulation of 
patients suffering from the simple loss of blood. The futility of this procedure in 
shock has been proved beyond question. The increased permeability of the capil- 
laries, which is a characteristic feature of shock, allows saline solution to escape 
rapidly into the tissues. Solutions containing acacia or dextrose have been found 
more effective than saline solutions but not so effective as the transfusion of 
blood. Even the latter is ineffective in profound shock. 

The results obtained in the previous studies on traumatic shock by me 
and by Parsons and Phemister so clearly indicated that this condition 
could be attributed solely to the actual loss into the injured area of the 
various constituents of the blood that it seemed reasonable to believe 
that the same condition could be produced by hemorrhage alone. 

GENERAL METHODS 

Dogs were used in all of the experiments. They were maintained free of pain 
by the use of local or general anesthetics. A cannula that was connected to a 
mercury manometer was placed in the femoral or carotid artery for the determina- 
tion of the blood pressure. Hematocrit determinations on venous blood were 
performed in duplicate by the use of Van Allen tubes. Immediately following the 
death of the animals, the abdominal and thoracic cavities were opened, and the 
organs were examined. The weights of the heart, lungs, liver, intestinal tract, 
exclusive of the stomach and esophagus, kidneys and spleen were determined. 
After removal of these organs without having ligated the blood supply, the quan- 
tity of free blood that remained in the pleural and peritoneal cavities was deter- 
mined. Microscopic sections of tissues removed from the cardiac, pulmonarj', 
hepatic, duodenal, renal, splenic, pancreatic, suprarenal and skeletal muscle were 
prepared and examined. 

2. Shock, editorial, J. A. M. A. 100:46 (Jan. ?) 1933. 

3. Moon, V. H., and Kennedy, P. J.: Pathologj- of Shock, Arch. Path. U:30U 

(Sept.) 1932. 
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Tn the experiments in tvliich an extremity was traumatized, the loss oi final 
into the inTied art was determined by a method that has prcymusly l.cn 
de^cribedA In other experiments, histamine and acetylcholine ncrc m)cc c< . - 
Saneously at frequent intervals in amounts suflic.ent to mamtam tlic blo^ 
pressure at a low level. An increase in the intrapcricard.al pressure was priM UCc 
Sy introducing fluid through a cannula that was anchored mto an oi>cmnf m 1 1 
pericardium by the method employed by Cannon.^ The blood pressure can _1 
reduced to any desired level by this procedure. Most of the cxpcnmcnls tn \\h.^ t 
the effects of hemorrhage were studied were performed without Kcncral narcosis. 
Pain was prevented by the injection of procaine hydrochloride at the sites wh.crc 
cannulas were introduced for the determination of the blood pressure and tor tlic 
removal of blood. A few of the animals became restless during the course ot 
the observations and were given small dosages of morphine. The results ucrc the 
same in the experiments in which procaine hydrochloride alone was used as in those 
in which the procaine hydrochloride was supplemented by a small amount of 
morphine. The experiments in which the blood pressure was maintained at a low 
level as a result of hemorrhage may be divided into five groups. In the first group, 
blood was withdrawn slowly from the femoral artery until the systolic pressure 
was reduced to less than 70 mm. of mercury. When the pressure rose alwvc this 
level, additional blood was removed. After a sustained decline in the arterial pres* 
sure to less than 70 mm. was produced, the animal was allowed to die without 
further removal of blood. The desired condition was to have the animal live with 
a low blood pressure as long as possible, and it required a great deal of care in 
the removal of blood in order to do this successfully. In the remaining four 
groups of experiments, the blood pressure was reduced to a low level by hemor- 
rhage, and it was maintained fairly stationary at this low point by the further 
remoral of blood, if the pressure rose, or by the introduction of blood, if the pres- 
sure fell. It is to be emphasized that large amounts of blood were usually not 
introduced at one time. An attempt was made to inject just enough to keep the 
pressure from falling to too low a level. In one group of experiments the blood 
that was removed from the animal and subsequently injected was prevented from 
clotting by defibrination ; in another group it was mixed with sodium citrate, and 
in still another it was placed in a solution of heparin. In the fifth group of experi- 
ments, the blood was transfused by the direct method from a suitable donor. 


OBSERVATIONS 

Normal Controls . — The sudden death of seven normal animals was 
produced in order that the weights of the organs might be determined, 
and that normal tissues might be obtained for study. In some instances 
death was caused by electrocution and in others by opening the pleural 
cavity of animals anesthetized for a few minutes by ether. The average 
weights of the organs are given in the table, as are those obtained in 
the remaining groups of experiments. The average quantity of blood 
remaining m the pleural and peritoneal cavities after the removal of the 
organs equaled in terms of body weight 5.93 per cent. 

Effects of Sodium Barbital Anesthesia .— experiments were ner- 
formed in which the effects of barbital anesthesia were studied. The 

D Shock, in Surgical Monographs Kew York 

U. .\pplcton and Company, 1923, vol. 1, p. 63. bps, acw iork, 
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anesthetic was injected intravenously in the dosage of 0.3 Gm. per kilo- 
gram of body weight. The administration of barbital was followed by 
an increase in the pulse rate and a decrease in the pulse pressure. The 
average duration of the control experiments on the effects of barbital 
anesthesia alone was six hours and thirty-two minutes. The average 
mean arterial blood pressure before the injection of barbital was 133 
mm., and at the completion of the experiments, 121 mm. In some 
instances the concentration of the red blood cells increased, and in others 
it diminished. Death pf the animals was produced in some experiments 
by electrocution and in others by the opening of the pleural cavity. 


Weights of Organs 


Xum- Aver- Weight of Organs in Grams per 

her age Kilogram of Body Weight 

of Weight, , 

K-'t- of Bight Left Intes- 

Experimental peri- Dogs, Bight Left Kid- Kid- tinal 

Condition ments Kg. Lung Lung Heart Liver Spleen ney ney Tract 


Control 1 U.2 5.43 3.81 7.S0 29.4S 1.80 2.49 2.66 41.26 

Ether control 5 13.3 5.3S 3.62 6.71 25.59 2.S5 2.50 2.47 34.83 

Barbital control 6 16.3 5.50 3.75 7.73 27.15 2.99 2.S3 2.91 33.44 

Ether and trauma 10 14.3 4.32 3.23 7.34 28,29 3.12 2,74 2,79 35.69 

Barbital and trauma 12 13.8 5.29 3.90 7.44 29.76 2.84 2.76 2.83 36.57 

Ether and hemorrhage. . . 9 12.1 4.83 3.48 7.31 29.69 3.17 2.36 2.62 36.80 

Barbital and hemorrhage 8 13.5 4.64 3.20 7.69 27.24 2.8G 2.41 2.47 31.59 

Spinal anesthetic and 

traunta 5 14,3 5.21 3.S0 7.48 31,73 3.54 2.82 2.80 38.26 

Spinal anesthetic and 

hemorrhage 5 15.2 5.06 3,59 7.46 27.67 3.0S 2.28 2.35 32.40 

Ether and histamine 3 10.8 4.80 3.35 7.01 33.45 2.5S 2.67 2.67 35.50 

Barbital and histamine... 6 15.8 5.61 4.08 7.71 37.06 S.SO 2.02 2.75 36.53 

Hemorrhage; no replace- 
ment 7 13.9 4.48 3.44 7.03 27.26 3,33 2.54 2.64 33.26 

Hemorrhage; replaced 

deflbrinated blood 9 13.05 4.78 3.31 7.17 32.11 3.54 2.69 2.91 36.85 

Hemorrhage; direct 

transfusion 4 9.2 5.04 3.88 8.13 33.29 3.65 2.85 2.91 37.56 

Acetylcholine 2 10.06 4.62 3.31 5.99 29.78 3.63 2,63 2.74 40.93 

Increased intrapericardial 

pressure 2 12.9 5.0S 3.80 6.34 29.09 4.00 3.37 3.43 36.71 


Autopsies revealed slight reddening with a small amount of blood in 
the lumen of the intestinal tract in four of the six experiments. The 
lungs presented a few hemorrhagic areas in five experiments, and the 
wall of the gallbladder was somewhat thickened in five. The most 
marked microscopic alterations in the tissues that were removed for 
study were: (1) There -were moderate capillary congestion and slight 
hemorrhage in the suprarenal glands, with a great many polymorpho- 
nuclear leukocytes in the cortex surrounding the medulla; (2) tiie small 
intestinal tract showed slight congestion and hemorrhage; (3) there was 
slight congestion of the vessels of the heart; (4) the kidneys revealed 
moderate capillary congestion and dilatation, and (5) there were a mod- 
erate amount of congestion and dilatation of the pulmonar}' capillaries, 
and atelectasis. The average quantity of blood remaining in the pleural 
and peritoneal cavities following the removal of the organs equaled 5.2 
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Ml 


per cent of the body weight or approximately half of the estimated 
total blood volume. 

E^ecis of Ether Anesthesia,— FWc experiments were performed m 
which the effects of ether anesthesia administered by inhalation were 
studied The depth of anesthesia was such that the muscles were well 
relaxed. The eye reflexes were not abolished. Ether caused an increase 
in the pulse rate and a decrease in the pulse pressure. The •'ivcragc 
duration of the studies was six hours and twenty-two minnlc.‘'.^ U- 
average mean arterial blood pressure before the administration of ether 
was 138 mm., and at the completion of the observation period it rsas 
105 mm. The concentration of the red blood cells increased in all of 
the experiments. The average hematocrit reading changed from -10.6 
per cent during the control period to 49.9 per cent at the conclusion. 
Postmortem examinations showed scattered hemorrhages in the jejunum 
and ileum. The mucous membrane of the intestinal tract except at the 
site of the hemorrhage was essentially normal in color. The lungs 
presented one or more areas into which hemorrhage had occurred. 
The liver in some instances was dark. In one experiment there was a 
great deal of hemorrhage in the endocardium of the left ventricle. 
On microscopic examination, the following changes were observed; 
A moderate amount of congestion and hemorrhage were present in the 
suprarenal glands. A few of the cells of the medulla were undergoing 
necrosis. A moderate number of polymorphonuclear leukocytes were 
present in the cortex. The duodenum showed moderate capillary con- 
gestion and dilatation. There were slight capillary congestion and hem- 
orrhage in the cardiac muscle in some experiments. The gallbladder 
was slightly edematous in a few instances, and there was capillary con- 
gestion. There were capillar}^ congestion and dilatation in the kidneys. 
The liver showed vacuolation, a good deal of hemorrhage and con- 
gestion and a moderate number of polymorphonuclear leukocytes. The 
lung was partially atelectatic, and capillary dilatation and congestion 
were present. A moderate amount of congestion was present in the 
pancreas. The spleen showed focal necrosis of the lymphoid tissue. 
The average amount of blood remaining in the pleural and peritoneal 
cavities following the removal of the organs equaled 4.2 per cent of the 
body weight. 

In summary, the alterations in the tissues that were produced by 
ether anesthesia were definitely more marked than those found in experi- 
ments in which sodium barbital was used as the anesthetic. 


Barbital and Hemoirhage . — ^The animals were anesthetized bv the 
usual amount of sodium barbital, and three hours later the removal of 
blood m small amounts at frequent intervals was begun. This was enn 
turned until death resulted. Eight such experiments were performed. 
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The average duration of the studies was five hours and forty-one 
minutes. The average amount of blood removed in terms of body 
weight equaled 4.21 per cent. The blood pressure did not remain at a 
low level for more than an hour in any of the experiments. The con- 
centration of the red blood cells increased in five experiments and 
decreased in three. The average hematocrit readings at the beginning 
and end of the experiments were 46.8 and 49, respectively. The aver- 
age amount of blood left in the pleural and peritoneal cavities after the 
removal of the organs equaled 1.34 per cent of the body weight. The 
changes in the tissues will not be described in detail. It suffices to state 
that they were slightly more marked than those found in the experi- 
ments in which the effects of barbital alone were studied. As has been 
stated, the blood pressure was at a low level for only a short while 
preceding the death of the animals. 

Barbital .and Trauma . — Twelve experiments were performed in 
which one of the posterior extremities was traumatized after the animals 
were anesthetized with barbital. The amount of barbital used was 0.3 
Gm. per kilogram of body weight. The average time elapsing between 
the initiation of the trauma and death was five hours and twenty-eight 
minutes. The average difference in the weights of the traumatized and 
nontraumatized extremities in terms of body weight was 4.5 per cent 
or a little less than half of the estimated total blood volume. The aver- 
age length of time that the blood pressure remained at a low level 
before death took place was approximately one and one-half hours. 
An increase in the concentration of the red blood cells occurred in nine 
experiments, and a decrease was found in the remaining three. The 
average amount of blood remaining in the cavities after the removal 
of the organs was 2 per cent of the original body weight. The gross 
and microscopic changes in the tissues were slightly but definitely more 
marked than those encountered in the experiments on the effects of 
bai'bital alone. Early necrosis of some of the cells of the suprarenal 
glands, duodenum, liver and spleen was observed. In several of the 
experiments there was a great deal of hemorrhage into the intestinal 
tract. 

Ether and Hemorrhage . — Nine experiments were performed in which 
blood equaling 1 per cent of the body weight was removed at one hour 
intervals from dogs anesthetized by ether. This was continued until 
death resulted. The average duration of the experiments was three 
hours and forty-one minutes. The average loss of blood resulting in 
death in terms of body weight was 4 per cent or less than half of the 
total blood volume. The usual length of time that the blood pressure 
remained at a low level was slightly more than one hour. There vas 
a decrease in the concentration of the red blood cells in six experiments 
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B„d a s&te increase in the rcrnainmg Itece. Tiro Irloorl rcmnnrw m 
I pleuS arrd peritoneal cavities after tlte tentoval tire orp.rs 
ItaW 1 7 per cent of the body tveight. The gross ar.d nncrosco, c 
Aerations huhe tissues were not quite so ntarhed as those ...nn. rn the 
experiments in tvhich the ettecta of ether atone tvere sUnhed. It s , 
be remembered that the latter expennients were ot (hiraU i . 

In several experiments there vvere a lew small hemorrhagic aieas m tc 


intestinal tract. 

Ether and Trauma.—Tcn experiments were performed m which 
one of the posterior extremities of dogs anc.'^thclized by ether n.is 
traumatized. The experiments were continued until death occurred. 
The average duration was five hours and ten minutes. 1 he average 
difference in the weights of the injured and noniujured extremitie.s in 
percentage of body weight was 4.46. llie duration of the low hlooil 
pressure preceding death varied from thirty minutes to three hour.s. 
There was an increase in the concentration of the red blood cells in 
eight experiments and a dilution in the remaining two. i lie blood 
remaining in the pleural and peritoneal cavities after the removal of 
the organs equaled 1.7 per cent of the body weight. In several of the 
experiments there were many hemorrhagic areas with free blood in 
the intestinal tract. The suprarenal glands, liver and duodenum .riiowed 
on section in some instances a moderate amount of hemorrhage and 
congestion and slight necrosis of the cells. On the whole, the alterations 
were slightly more marked than those encountered in the experiments 
in which the effects of ether alone were studied. 


Spinal Anesthesia and Hemorrhage . — Spinal anesthesia was pro- 
duced in this and In the subsequent group of experiments by the injec- 
tion of 1 per cent procaine hydrochloride into the spinal canal in the 
lumbar region. A small amount of morphine was given subcutaneously 
previous to the injection of procaine hydrochloride. If a definite decline 
in the blood pressure followed the injection of the drug, the effects of 
hemorrhage or of trauma were not studied, since the tolerance to either 
of the procedures is markedly affected by a lorv blood pressure. One 
animal died one hour after 2 cc, of procaine hydrochloride had been 
injected into the spinal canal. No blood rvas removed, and no trauma 
was produced. It was obsen^ed at autopsy that the duodenum was 
markedly reddened and that the jejunum, ileum and large intestine 
were reddened to a lesser extent. The liver was dark. Rather marked 
alterations were found in the organs on microscopic study. The con- 
centration of the red blood cells was increased. 

Fn-e_experiments were performed in which the effects of spinal 
anesthesia and hemorrhage were studied. Blood equaling 1 per cent of 
the body weight was withdrawn at hourly inteia-als until deaffi resulted 
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The average duration of the experiments was four hours and thirteen 
minutes. The average amount of blood removed in terms of body 
weight was 4.8 per cent or approximately half of the total volume. 
The concentration of the red blood cells decreased in two experiments, 
remained the same in two and increased in one. The blood remaining 
in the pleural and peritoneal cavities after the removal of the organs 
equaled 1.25 per cent of the body weight. The mucous membrane of 
the intestinal tract was found to be very red in two of the experiments and 
slightly red in two others. Microscopic examination showed capillary 
congestion in most of the organs and hemorrhage in some. 

Spinal Anesthesia and Trauma. — Five experiments were performed 
in which one of the posterior extremities was traumatized under spinal 
anesthesia. The average duration of the experiments was six hours and 
fifty minutes. The average difference in the weights of the traumatized 
and nontraumatized extremities equaled 4.45 per cent of the body weight. 
The blood pressure remained at a low level prior to death for varying 
periods. The red blood cells became more concentrated in all of the 
experiments. The average quantity of blood in the cavities after the 
removal of the organs equaled 1.53 per cent of the original body weight. 
The mucous membrane of the intestinal tract and the duodenum in par- 
ticular was moderately red in all of the experiments. The microscopic 
alterations in the tissues were slightly more marked than those found 
in the experiments in which hemorrhage was carried out under spinal 
anesthesia. The changes were probably a little less marked than those 
found in the experiments in which trauma was produced in animals 
anesthetized by barbital or ether. 

Barbital Anesthesia and the Injection of Histamine. — Six experi- 
ments were performed in which histamine was injected subcutaneously 
into dogs anesthetized by barbital. The average duration of the experi- 
ments was five hours and twenty-six minutes. The blood pressure was 
maintained depressed below its normal level during this time, and it was 
kept at a low level for approximately two hours. The red blood cells 
became more concentrated in all of the experiments. The average 
quantity of blood remaining in the pleural and peritoneal cavities after 
removal of the organs was 3.56 per cent of the body weight. Reddening 
of the skin was observed in most of the experiments. The vessels of 
the intestinal tract became very prominent. At autopsy, the mucous mem- 
brane of the small intestines was found to be quite reddened, and in some 
instances free blood was present in the lumen. The microscopic altera- 
tions in the tissues were slightly more marked than those found in the 
experiments on the effects of barbital alone or ether alone. Certainly 
the difference was not great. The most evident difference was in the 
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diere it seemed that the administration of histamine resulted m 


ereater changes. 

Ether and Histaminc.-EWc experiments were performed m xvhu.h 
the effects of the injection of histamine into animals ancsthetim hy 
ether were studied. The results were practically identical willi th<_»c 
obtained in the experiments in which the dogs were ancsthetir.cd with 
barbital and in which histamine was injected.^ ^ ^ ^ _ 

The changes that are noted following the injection of hislanimc an- 
not dependent on the associated anesthesia. This was demonstrated in 
one experiment in which only local anesthesia was used. 1 he chal 1 gc^ 
in the tissues were marked. 


Effects of the Injection of Acetylcholine. — T wo experiments were 
performed in which acetj-lcholine was injected intramuscularly into dog^ 
narcotized by 0.033 Gm. of morphine. Sufficient acetylcholine was 
injected at frequent inten'als to keep the mean arterial blood jiressure 
at approximately 75 mm. for three hours. At the end of this time, the 
animals were killed. There was a marked increase in the concentration 
of the red blood cells. The blood remaining in the cavitic.s after the 
removal of the organs equaled 3.46 per cent of the body weight. In both 
experiments reddening of tire mucous membrane and hemorrhage into 
the intestinal tract ivere obsen'ed. In one of these the mucous mem- 
brane was beefy red in appearance. The liver showed a dark .discolora- 
tion, and the wall of the gallbladder was thick and edematous. Micro- 
scopic study showed capillaiy^ congestion in all of the tissues studied 
except the skeletal muscle. There was hemorrhage into the liver and 
small intestines, and necrosis of some of the cells of the liver, duodenum 
and spleen. 


Effects of Increased Intrapericardial Pressure. — Two experiments 
were performed in which the blood pressure was reduced by introducing 
fluid under pressure into the pericardial caritjv The animals were given 
a preliminary injection of morphine. Ether and artificial respiration 
were administered during the time that the cannula was being intro- 
duced into the pericardium. As soon as the chest was closed tightly, 
they were discontinued. The mean arterial blood pressure was main- 
tained slightl}' below 70 mm. for three hours. At the completion of this 
time, the animals were killed. There was a marked increase in the 
concentration of the red blood cells. The average quantitj- of blood 
remaining in the pleural and peritoneal cavities after the removal of 
the organs equaled 4.74 per cent of the body weight. Autopsy in one 
expenment showed marked reddening of the mucous membrane of the 
duodenum and the upper ileum; the gallbladder wall was thick and 
edematous, and there was hemorrhage in the endocardium. In the other 
expenment, the mucous membrane of the intestinal tract was beefy red 
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and there was free blood in the lumen. The lungs and liver showed 
hemorrhagic areas, and the wall of the gallbladder was thick and 
edematous. The most marked changes on microscopic examination 
were observed in the duodenum and liver, where there were capillary 
congestion, hemorrhage and necrosis. The alterations in the suprarenal 
glands were surprisingly minor in degree. 

Effects of Hemorrhage Without Transfusion . — Seven experiments 
were performed in which blood was removed in small amounts at fre- 
quent intervals until the mean arterial pressure was approximately 70 
mm. If the blood pressure rose, additional blood was removed. The 
animal was allowed to die as a result of the removal of blood with the 
idea in mind of having the blood pressure remain at a low level as long 
as possible. No general anesthetic was used in these experiments, and 
pain was prevented by the injection of procaine hydrochloride at the 
sites where the cannulas were introduced into the blood vessels. The 
average duration of the experiments was six hours but the greater part 
of the time was consumed in producing a decline in the pressure from 
which recovery would not result. The interval elapsing between the 
time of the last removal of blood and of death averaged only one hour 
and twenty-six minutes. Although the blood pressure did not remain 
at a low level for an extended time, the mean arterial pressure and the 
pulse pressure were definitely lessened throughout the experiments. 
The average amount of blood removed in the different experiments 
equaled 4.3 per cent of the body weight. The average quantity of blood 
remaining in the pleural and peritoneal cavities after the removal of the 
organs equaled 1.48 per cent of the body weight. There was a decrease 
in the concentration of the red blood cells in five experiments and an 
increase in two. In two experiments blood-stained material was passed 
from the rectum. In another, vomiting occurred two hours following 
the beginning of the experiment. 

Autopsies were performed immediately following death. The mucous 
membrane of the intestinal tract was redder than normal in all of the 
experiments and blood-stained material was present in the lumen of 
the intestines in six of the seven experiments. The duodenum and 
jejunum presented the most marked alterations, but in some instances 
the ileum and large intestines showed reddening and hemorrhage also. 
Hemorrhagic areas ■^vere present in the lungs in some experiments. 
The following changes were observed on microscopic examination : The 
suprarenal glands showed fairly marked capillary congestion and hem- 
orrhage and necrosis of some of the cells. Many polymorphonuclear 
leukocytes were located in the cortex surrounding the medulla. Slight 
vacuolation was present. The duodenum showed dilatation and throm- 
bosis of capillaries, hemorrhage and necrosis of some of the mucous 
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mentene. There were slight hemorrhage 

the heart musele. The skeletal musele was esse, t.nllj ^ 

congestioa and dilatation were present in the knhip. he liter . 
capillar)- congestion, hemorrhage and necrosis oi the liver cells, llic 
location of the necrosis ttas variable. Atelectasis and capillar) coi - 
gestion tvere present in the tangs. There teas a ntoderale aiiimnit m 
Lplllary congestion in the pancreas. The spleen shotved heiilorrha-gc 
into and some necrosis of the malpighian bodies. 

Efccts of Hemorrhage and of Aulolratisfusion tviih Drfihrumtrd 
g/ood.— Nine experiments were performed in v,-\\\c\\ the blood pressure 
was reduced to a low level by hemorrhage and in which death was 
postponed by introducing blood when the blood pressure reached an 
extremely low level. The blood that was removed from the animals 
w'as defibrinated and strained through linen and kept at body tem- 
perature. Procaine hydrochloride was used at the sites where the can- 
nulas were introduced. In four of the experiments, the animals were 
given 0.016 Gm. of morphine. No evidence of a reaction as a rc.siill 
of the introduction of blood was obtained in any of the experiments. 
The average amount of blood removed in the different experiments 
equaled 4.58 per cent of the body weight, and the average quantity 
replaced equaled 1.62 per cent of the body weight. In two of the 
experiments all of the blood that was removed was reintroduced, and 
yet the animals died. The average duration of the experiments was 
four hours and fort)'-four minutes. The blood pressure remained at a 
low level during the greater part of the duration of all of the cxj>eri- 
ments. These studies were of shorter duration than those reported in 
the previous group in which no blood was replaced, but the blood 
pressure remained at a low' level for a longer time in the present 
experiments. There w'as an increase in the concentration of the red 
blood cells in four experiments and a decrease in five. The average 
quantity of blood remaining in the pleural and peritoneal cavities after 
the removal of the organs equaled 2.28 per cent of the body w’eight. 

The alterations in the tissues will not be described in detail. They 
were definitely more marked than those encountered in the last group 
of experiments in w'hich blood was removed and none was. replaced. 
This difference is probably due to the fact that the blood pressure 
remained at a low' level for a longer time in the present studies, or 
possibly the defibrinated blood resulted in alterations. 

^ Effeefs^ of Hemorrhage and of Aiitotransfusion with Blood Collected 
m a of Heparin.—Thvee experiments w'ere performed in which 

the blood that was removed was placed in a solution of heparin to ore- 
rent It from clotting. When the blood pressure reached a low' level 
the heparinized blood was injected intravenously. Two of the experi- 
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nente were unsatisfactory in that a severe reaction followed the intro- 
luction of the blood. The results in the remaining experiment were 
Lpproximately the same as those obtained in the studies in which defibri- 
lated blood was injected. 

Effects of Hemorrhage and of Autotransfusion with Blood Collected 
n a Solution of Sodium Citrate. — Four experiments were performed in 
chich the blood that was removed was collected in a 2.5 per cent 
olution of sodium citrate. This blood was injected intravenously when 
he blood pressure reached a low point. A fairly severe reaction was 
associated in two of the experiments with the giving of the blood, and 
hese studies were discarded. The blood pressure remained at a low 
evel for five hours in one of the remaining experiments and for seven 
lOurs in the other. All of the blood that was removed was replaced, 
rhere was a marked increase in the concentration of the red blood cells. 
?he average amount of blood remaining in the pleural and peritoneal 
avities after the removal of the organs was 2.58 per cent of the body 
/eight. At autopsy, all of the mucous membrane of the intestinal 
ract was dark red, and there was a great deal of blood in the lumen, 
lie liver was dark and contained much blood. The alterations in the 
issues that were observed on microscopic study were marked. 

Effects of Hemorrhage and of Direct Transfusion. — Four experi- 
lents were performed in which the blood pressure was maintained at a 
)w level for a considerable time by the removal of blood and the intro- 
uction of blood by the direct method from a suitable donor. The 
ecipient in all instances was a smaller dog than the donor. Hematocrit 
ladings on the blood of the two animals were approximately the same. 

Fo evidence of a reaction as a result of the transfusion was obtained 
1 these experiments. Pain was prevented by the local use of procaine 
^drochloride. The average duration of the experiments was seven 
ours and thirt 3 f-four minutes. The blood pressure was lower than 
orraal during the entire time. The average mean arterial pressure 
jmained depressed below 75 mm. for three hours in three of the experi- 
lents and one hour in the other. The average time separating the last 
:moval of blood and death was two hours and thirty-one minutes, 
luring this time a good deal of blood was injected. The average 
aantity of blood that was removed in terms of body weight equaled 
32 per cent, while the average quantity that was introduced equaled 
.46 per cent. It is to be observed that all of the animals died despite 
le fact that a slightly greater quantity of blood was injected than was 
;moved. As has been stated, the blood pressure was reduced to a low 
vel by hemorrhage before any blood was injected. There was an 
icrease in the concentration of the red blood cells in all of the experi- 
;ents. The average quantity of blood remaining in the pleural and 
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peritoneal cavities alter the removal of the organs equalccl_2.2 per cent 
of the body Aveight. The gross and intcroscopic aUcralions in the tissues 
^Yere marked. The mucous membrane ot the intestinal tract Nsas re( , 
and free blood was present in the lumen of the tract, llcinorrh.igic 
areas in the lungs were noted in two animals. In one experiment le 
wall of the gallbladder was thick and edematous. ^ On microscopic 
examination, the suprarenal glands showed vacuohtion, hemorrhage, 
capillary congestion, an occasional cell with a necrotic nucleus and iio >- 
tnorphonuclear leukocides in the cortex. The duodenum .showed dila- 
tation and thrombosis of the capillaries and complete necrosis ot some 
of the cr^^pts. Hemorrhage and capillary congestion were present in the 
heart musde. The skeletal muscle was essentially normal. The liver 
showed hemorrhage, congestion and necrosis of liver cells. Capillar) 
congestion and dilatation were noted in the kidneys and lungs. I’ocal 
necrosis of lymphoid tissue was present in the spleen. The pancreas 
showed a moderate amount of capillary congestion. 


Effects of Hemorrhage After Ligation of the Bile and Pancreatic 
Ducts . — ’With the idea in mind that the bile and pancreatic juice might 
in the presence of a low blood pressure be responsible for the altera- 
tions in the mucous membrane of the intestinal tract, two experiments 
were performed in which the ducts were doubly ligated and divided. 
Five days later in one experiment and twelve days later in the other, 
the blood pressure was reduced to a low level and maintained there as 
long as possible by the gradual withdrawal of blood. In one experi- 
ment, the mucous membrane was slightly less red than that found in 
the experiments on hemorrhage alone. In the other experiment, the 
usual amount of reddening was observ’ed. These experiments indicate 
that the bile and pancreatic juices are not responsible in the main for 
the changes that were obsen'^ed. It is realized that there are other juices 
that pass into the intestinal tract which might exert an effect. 


Weights of the Organs in the Various Experiments . — ^The rveights 
of most of the organs of the body were determined in all of the experi- 
ments because it was believed that information as to the location of fluid 
that escaped from the blood stream could be obtained in this manner. 
-All of the weights are expressed in grams per kilogram of body weight 
of the animal. The weights of the organs of a group of normal dogs 
were first determined. The death of most of the animals was produced 
by electrocution. This method produces a contraction of the spleen, 
and hence the weights of this organ are probably smaller than they 
should be. The organs were removed in the same manner in all experi- 
ments. The attachment of the organ, including the blood supply was 
severed, and the blood that flowed out without pressure on the nart 
was allowed to escape. The material that was present in the lumen 
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of the intestinal tract was removed before the weight of the tract was 
determined. There was a great variation in the weights of the indi- 
vidual organs as expressed in grams per kilogram of body weight in 
the different animals of the same group of experiments. This variation 
was greater than the difference in the average weights of the organs 
in the different groups of experiments. No attempt Avas made to obtain 
dogs of the same weight and state of bodily nutrition. The differences 
in the weights of the organs in the various groups of experiments were 
not great enough or sufficiently constant to allow any conclusions to be 
drawn as to the distribution of the loss of fluid. In fact, the average 
weights of the organs except for the intestinal tract and spleen in tlie 
control experiments were approximately the same as those obtained in 
the other studies. The liver was somewhat heavier in the experiments 
in which histamine was injected. The results of these determinations 
are given in the table. 

COMMENT 

Concerning the causes of traumatic shock, Cannon stated,” “One 
of the central problems, if not the most important central problem, of 
shock is that of discovering the reason for the lowered arterial pressure. 
The various theories which have been suggested to account for shock 
are all directed towards the solution of this problem.” When hemor- 
rhage occurs from a large blood vessel, a diminution in the circulating 
volume of blood results. Owing to vasoconstriction, the blood pressure 
may remain at its normal level. However, if the decrease in the blood 
volume is too great to be compensated for by vasoconstriction, the 
blood pressure falls. This mechanism of the production of shock as a 
result of uncomplicated hemorrhage seems to be generally accepted. 
On the other hand, there is a good deal of disagreement as to the cause 
for the decline in the blood pressure following injury to large masses 
of tissue. It is to be clearly understood that I do not refer to the 
decline in the blood pressure noted in primary shock or collapse in which 
the drop in pressure is rapid, is noted immediately following the injury 
or operative procedure and is usually of short duration. I refer to 
secondary shock in which the decline in blood pressure occurs usually 
an hour or more following the injury. A consideration of the various 
theories which have been offered in an effort to explain secondary 
shock will not be gone into here. Blalock ^ and Parsons and Phemister 
showed that there was a loss of a sufficient part of the blood volume 
into the injured area following trauma to an extremity to account for 
the decline in blood pressure in animals anesthetized by sodium barbital 
or ether. It is shown in the present experiments that similar results arc 


5. Cannon,^ p. 15. 
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obtained when trauma is performed in animals in rvhich anesthesia is 
produced by the injection of procaine hydrochloride into the spinal cana . 

It is rvell kno\Yn that there are frequently contributing factors, such 
as cold, insufficient fluids, anesthesia and operation, rvhicli further the 
development of shock. The manner in which ether anesthesia exerts 
at least part of its ill effects is demonstrated by the present experi- 
ments in which ether was administered for long periods. Capillar) 
congestion and hemorrhage were noted in many of the organs. I he.'-c 
alterations appeared despite the fact that the blood pressure did not 
decline greatly. If changes such as these appear in normal anesthetized 
animals, it is only natural to suppose that similar alterations which arc 
associated with a low blood pressure as a result of uncomplicated 
hemorrhage or trauma will be accentuated by the administration of ether 
anesthesia. 

As Cannon has stated, the central probleni in the study of Iraiiinalic 
shock has to do with the reason for the lowered blood pressure or a 
determination of the initiating factor. It seems conclusive that the 
cause of the low blood pressure in experiments of the duration rciiortcd 
here in which large masses of the muscle of dogs arc traumatized is 
due to the loss of red blood cells and of plasma into the local injured 
area. In other words, the initiating agent in the decline in blood volume 
and blood pressure is certainly the local loss of part of the blood 
volume into the tissues at the site of injury. In shock produced by 
some of the other methods, the explanation is more complicated and is 
not entirely understood. The shock that is associated at times with 
abdominal operations in patients is an example of this. Complicating 
factors include the anesthetic and the fact that the patient is usually 
already ill. The opening of the peritoneal cavity and the manipulation 
of the organs may be associated with a decline in pressure rvhich is 
probably neurogenic in origin. Hemorrhage in var)dng amounts and 
many other factors may also form part of the picture. 

It has been stated that the loss of fluid into the injured area in the 
experiments in which an extremity rvas traumatized was sufficient to 


cause a marked decline in the blood volume and blood pressure. Having 
determined this point, I was interested in knowing if there are addi- 
tional factors that are responsible for the alterations obsen^ed at 
autopsy, following trauma, in the tissues of the body other than those 
at the site of injury. The method chosen for this study consisted of 
the removal of blood from unanesthetized dogs in such a manner that 
the blood pressure was mmntained at a low level preceding death for 
as long as possible. Pain was prevented by the use of local anesthesia 
m the introduction of cannulas into the vessels. Experiments of this 
P-pe are relatively free from objections, in that general anesthesia is 



852 


ARCHIVES OF SURGERY 


not used and other complicating factors are excluded. The arterial 
blood pressure and pulse pressure were considerably lower than normal 
throughout the experiments, but death occurred without the blood pres- 
sure having remained at a low level for more than an hour or two. 
Despite this fact, the alterations in the tissues in some instances were 
rather marked. A low blood pressure of longer duration was obtained in 
other experiments by a combination of the removal of blood and the 
introduction of blood in such a manner that death was delayed. The 
alterations in the tissues were more marked in these studies. The 
latter experiments are open to criticism possibly on the grounds that 
the blood that was injected may have been responsible for some of the 
alterations in the tissues. The fact that changes of a lesser degree 
occurred in the experiments on hemorrhage alone in which no blood 
was introduced makes this seem unlikely. In several of the experi- 
ments, definite evidences of a reaction as a result of the transfusion 
appeared, and these studies were discontinued. Since changes in the 
tissues similar to those reported following death from trauma may be 
produced by hemorrhage alone, it is apparent that the reduction in the 
blood volume and blood pressure as a result of the local loss of fluid 
from the blood stream into the injured area may be solely responsible 
for all of the alterations in the tissues that are observed at autopsy. 

The materials carried to the tissues by the blood may be classed as 
food, water and oxygen. Of these materials, the one that must be 
supplied continuously is oxygen. It is probably lack of sufficient oxygen 
that is directly responsible for the changes in the tissues that appear 
when the blood volume and blood pressure are greatly reduced. Differ- 
ent tissues vary in their resistance to want of oxygen. The central 
nervous system and particularly the brain withstand a poor supply of 
oxygen less well than most of the other tissues of the body. Numerous 
studies by many investigators have dealt with the effects of the partial 
deprivation of oxygen on the nervous system, and these studies were , 
not repeated in the present investigation. The most marked alterations 
in the present studies were usually found in the intestinal tract, the 
liver and the suprarenal glands. Skeletal muscle was essentially normal. 
Gesell ® showed that a diminution in the blood volume does not result 
in an equal decrease in the blood supply to various tissues of the body. 
Glandular and muscular tissues probably have their supply diminished 
most. 

The general impression was gained in the present experiments that 
the degree of alterations in the tissues was dependent in the main on 

6. Geseil, R. : Studies on the SubtnaxiHary Gland ; IV. A Comparison of the 
Effects of Hemorrhage and of Tissue Abuse in Relation to Secondary Shock, Am. 

J. Physiol. 47:468, 1919. 
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the length of time that the blood pressure remained at a low level. 1 hat 
there are other factors than this was shown in other experiments. In 
some of the experiments on hemorrhage, for csample, the arterial pre.- 
sure and pulse pressure were reduced for the entire time. lint the 
pressure was at a low level for only a short while. Apparently a mod- 
erate depression of the systolic pressure with a small pulse pressure 
for a number of hours may result in changes in the tissues. Ihc pro- 
duction of profound anesthesia of long duration by barbital oi ether 
was associated with changes in the tissues. The diminution of the 
pulse pressure may have been associated with a sufficient decrease in 
the blood supply to the organs to cause the alterations. It seems more 
likely that the anesthetics damage the capillaries directly. 

In the care of patients, one rarely encounters as a result of hemor- 
rhage a low blood pressure which persists for several hours. If bleed- 
ing occurs to the outside from a large blood vessel, usually early death 
occurs, or the bleeding is controlled, and the blood volume is augmented 
artificially or by the withdrawal of fluid from the tissues. If a person 
bleeds to death within a few minutes following injury, it is only natural 
that the tissues of the body should appear anemic at autopsy. When 
large masses of tissues such as tlie muscles of the thigh arc injured, 
the decline in blood pressure is slower, and the duration of the low blood 
pressure is longer because the speed with which the fluid cscajics is 
retarded by the size of the vessels and the pressure existing in the 
tissue spaces. After the pressure in the vessels declines, the escape of 
fluid is further retarded. Since following trauma the blood pressure 
usually declines slowly and remains at a low level for a considerable 
time preceding death, the tissues during this period are partially deprived 
of blood and ox}-gen, and changes in them take place. Shock follow- 
ing hemorrhage from a large blood vessel is usually associated with a 
dilution of the red blood cells in the blood vessels, rvhile shock following 
trauma to tissues is usually associated with a concentration. When 
bleeding from a large blood vessel occurs, the fluid that is lost is whole 
blood. If the bleeding is stopped, fluid from the tissue spaces passes 
into the blood stream, thereby diluting the red blood cells remaining 
there. On the other hand, the fluid that escapes into the tissue spaces fol- 
lowing trauma to masses of tissues consists in the main of blood plasma. 
The ratio of red blood cells to plasma is much less than that existing 
in the blood vessels. Fluid that passes from the tissue spaces into the 
blood stream continues to be lost through the injured capillaries, and 
an increase in the concentration of the red blood cells results. It has 
been shown in the present experiments that hemorrhage alone is fre- 
quently associated \Yith an increase in the concentration of the red 
fiood cells if the blood pressure is caused to remain at a low level for 
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an hour or more. This concentration probably occurs because of the 
loss of fluid through capillaries that are damaged by the decrease in 
the flow of blood. It was also shown in the present experiments that 
the transfusion of blood may be entirely ineffective if the blood pres- 
sure has been maintained at a low level by hemorrhage alone. Hence 
it is to be noted that an increase in the concentration of the blood, a 
lack of favorable response to the transfusion of blood and capillary 
congestion and hemorrhage are not peculiar to shock due to trauma, 
as has been supposed, since these findings may be associated with shock 
due simply to the removal of blood from a large blood vessel. 

Freeman ^ recently reported the results of experiments in which it 
was found that prolonged vasoconstriction of itself results in a loss of 
blood from the circulation. He stated, “If we examine all factors which 
are at present known to produce shock or to aggravate the condition 
if present, we find that they have one physiological action in common. 
They are all adequate stimuli for producing hyperactivity of the sympa- 
thetic nervous system.” Even though vasoconstriction is present, it 
does not follow necessarily that it is the initiating agent in the pro- 
duction of shock. Hemorrhage, for example, is associated with vaso- 
constriction and a diminution in the blood volume, but the volume of 
blood is diminished before the vasoconstriction takes place. A low blood 
pressure of three hours’ duration was produced in some of the present 
experiments by the injection of acetylcholine, which produces vaso- 
dilatation. A great increase in the concentration of the red blood cells 
occurred, and marked alterations in the tissues were observed at autopsy. 

Roome, Keith and Phemister ® found that the loss of relatively small 
quantities of blood produced death after a decline in blood pressure 
had been producd by hemorrhage or trauma to an extremity. It was 
necessary to remove much larger quantities of blood in order to cause 
death when a similar decline in blood pressure had been produced by 
hyperventilation, anaphylaxis, administration of histamine, section of 
the spinal cord and spinal anesthesia. Confirmation of their results was 
obtained by a different method in the present experiments. The amount 
of blood that remained in the pleural and peritoneal cavities after the 
removal of the organs was determined in the various groups of experi- 
ments. The average quantity of blood as expressed in percentage of 
body weight in the different types of experiments was as follows; 

(1) control, 5.93; (2) ether control, 4.23; (3) barbital control, 5.23 ; (4) 

7, Freeman, H. E.: Decrease in Blood Volume After Prolonged Hyperactivity 
of the Sympathetic Nervous System, Am. J. Physiol. 103:185, 1933. 

8. Roome, N. W.; Keith, W. S., and Phemister, D. B.: Experimental Shock; 

The Effect of Bleeding After Reduction of the Blood Pressure by \anous 
Methods, Surg., Gynec. & Obst. 56:161, 1933. 
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injection of hislomine, 3.56-, (5) injection of acclylc hol.nc o.-IO, (0) 
increoee.) intrnpericartlial pressure. 4,74; (7) hemorrhage no res.loce- 
ment and various anesthetics), 1.40, and (8) trauma of the leg (vanons 
anesthetics), 1.73. The similarity in the results o{ the experiments on 
trauma to an extremity and those on hemorrhage is close. 


SUMMARV 

The following were some of the findings in the series of experi- 
ments reported here ; 

1. The production of profound anesthesia for an extended time by 
the administration of sodium barbital or ether was associated with 
definite alterations in the tissues of the body. In some inst.mces, 
hemorrhage into the lumen of the intestinal tract occurred. 1 lie altera- 
tions were slightly more marked with ether than with barbital. 

2. The alterations in the tissues that were found following death 
from hemorrhage using sodium barbital or ether or procaine hydro- 
chloride in the spinal canal as anesthetics were only slightly less marked 
than those found following death from trauma when the same anes- 
thetics were used. The blood pressure remained at a low level for a 
longer time in the experiments in which trauma was produced. 

3. A comparison of the results of experiments, performed under 
sodium barbital or ether or spinal anesthesia, in some of which death 
was caused by hemorrhage and in others by trauma, shows that the 
quantity of fluid in the injured extremity in the studies in which trauma 
was produced was approximately equal in amount to the blood with- 
drawn in the experiments on hemorrhage. 

4. The maintenance of the mean arterial blood pressure at approxi- 
mately 70 mm. for three hours by the injection of acetylcholine or by 
increasing the intrapericardial pressure was associated with marked 
alterations in many of the tissues of the body. The mucous membrane 
of the intestinal tract became red, and hemorrhage into the lumen of 
the tract occurred. 

5. The removal of blood in small amounts at frequent intervals 
from animals under local anesthesia in such manner that the blood pres- 
sure was at a low level for as long a time as possible preceding death 
was associated with capillary^ congestion and dilatation in most of the 
organs and hemorrhage and necrosis of the cells in some of them. 
Hemorrhage into the lumen of the intestinal tract was observed in 
most instances. 


6. The maintenance of the blood pressure at a low level for several 
hours prior to death by the combination of the removal of blood and 
the introduction of blood was associated wdth marked alterations in the 
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tissues. The changes appeared to vary directly with the length of time 
that the blood pressure remained depressed. The animal’s own blood 
was used for the replacement in these experiments, and coagulation 
was prevented by defibrinating it or by placing it in a solution of sodium 
citrate or heparin. There was an increase in the concentration of the 
red blood cells in more than half of the experiments. 

7 . In other experiments on dogs in which local anesthesia was used, 
the blood pressure was reduced by hemorrhage, and it was kept at a 
fairly constant low level for several hours by removing additional blood 
or by introducing blood by the direct method from a suitable donor. 
Death occurred in all of the experiments, despite the fact that slightly 
more blood was introduced than was removed. The gross and micro- 
scopic changes in the tissues were marked. Free blood was present in 
the lumen of the intestinal tract. There was an increase in the con- 
centration of the red blood cells in all of the experiments. 

8. The average quantity of blood remaining in the pleural and peri- 
toneal cavities following the removal of the organs was approximately 
the same in the experiments in which death was produced by hemor- 
rhage and in those in which death was caused by trauma to an extremity. 
In the other experiments, larger quantities of blood were recovered from 
the cavities. 

Three of the criteria that are frequently given as differential points 
between hemorrhage and "traumatic shock” are as follows; (1) 
Hemorrhage is associated with a decrease in the concentration of the 
red blood cells, while shock is associated with an increase; (2) death 
following hemorrhage is associated with an anemic appearance of the 
tissues, while following shock the tissues show hemorrhage and con- 
gestion, and (3) the low blood pressure resulting from hemorrhage is 
promptly recovered from if a transfusion of blood is given, while shock 
is not greatly benefited by transfusion. The present experiments show 
that shock which is associated with an increase in the concentration 
of the red blood cells, with capillary congestion and hemorrhage in 
the tissues and with a negative response to the transfusion of blood, 
can be produced by hemorrhage alone. A prolonged low blood pres- 
sure as a result of hemorrhage from a large blood vessel is rarely 
encountered in patients, because early death or control of the bleed- 
ing, with or without the introduction of fluids, usually takes place. On 
the other hand, one frequently encounters a prolonged low blood pres- 
sure which results from trauma to tissues. In this condition, the injuiy 
to many small blood vessels allows the escape of red blood cells and of 
plasma. The loss of fluid and hence the decline in blood pressure are 
slower than in hemorrhage from a large blood vessel because of the 
smaller size of the vessels and the greater pressure in the tissues where 
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the fluid escapes. The results of the treatment of shock due to the loss 
of blood from a large blood vessel and that due to the loss of fluid 
from many small vessels in an injured area are difTcreiU in the early 
stages in that if the bleeding from the large vessel is stopped, blood 
introduced into the blood stream will stay there, whereas it is imjjos- 
sible to control entirely the loss of fluid from the many small vessel.s. 
If, however, a low blood pressure which persists for several hours 
results from either of these types of injury, the condition of atfairs 
is more nearly the same in that general injury to the caj)illaries takes 
place as a result of the insufficient flow of blood, and fluid iulroduced 
into the blood stream will not be retained. 

It is to be emphasized that this study is not concerned with a raj)id 
decline in the blood pressure such as that produced by vigorous manijni- 
lation of the abdominal organs, by spinal anesthesia or by injur}* to 
the central nenmus system. Neither is it concerned with postoperative 
shock, which may be caused by a combination of many factors, such 
as the disease that prompted the operation, hemorrhage, infection, anes- 
thesia, loss of fluid from the exposed surfaces and dilatation of large 
areas of capillaries. It is concerned primarily with the decline in blood 
pressure which is slow in onset and progressive and which was pro- 
duced in most of these experiments by the slow withdrawal of blood 
and by trauma to large masses of muscle. 
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EARLY INVESTIGATIONS OF STREPTOCOCCUS SERUM 

The serum of animals immunized against hemolytic streptococci 
was early introduced for the treatment of human disease. Marmorek ^ 
employed a streptococcus of high virulence to immunize horses, asses 
and sheep. The serum of these animals was then found to possess pre- 
ventive and curative value in the streptococcic infection of rabbits. 
Marmorek treated forty-six patients with severe erysipelas by the injec- 
tion of from 5 to 20 cc. of serum, and all but one made a rapid recovery. 
He believed that a potent serum could be obtained only by ’employing 
for immunization a virulent and toxic strain of the streptococcus. 

Subsequent clinical experience with serum therapy in streptococcic 
infections has resulted in conflicting opinions. Some reports were 
favorable, but perhaps more were unfavorable. In part, these dis- 
crepancies may be ascribed to the use of different serums, but this 
explanation is not quite adequate. Even today we are unable to explain 
in a wholly satisfactory manner the variable clinical results. 

In some diseases the natural course of the malady, when uninfluenced 
by therapeutic meddling, tends to follow a more or less definite schedule 
and to terminate in recovery or in death. In other disorders, the course 
tends to be variable, and the complications and eventual outcome are 
lacking in uniformity. Infections with the hemolytic streptococci belong 
in the latter category. On that account the appraisal of any therapeutic 
agent for streptococcic infections is made difficult, and any decisive 
statement in regard to this matter is calculated to promote controversy 
rather than conviction. 

This work has been made possible by a grant from the Josiah Macy Jr. 
Foundation. 

From the Department of Pathology and Bacteriology, New York Post- 
Graduate Medical School and Hospital, Columbia University. 

1. Marmorek, A.: Le sAum antisfrcptococcique, Compt. rend. Soc. de biol 
47:230, 1895; Ann. Inst. Pasteur 9:593 (July 25) 1895. 
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The preparation of the serum presents diflicultics, and tire various 
samples on the market are evidently far from uniform in potency. 1 he 
methods for testing potency are somewhat unsatisfactory, and the rcsiil s 
of titration tests are, as a rule, less definite and less reliable than m 
the case of such therapeutic serum as that of diphtheria or of tetanus. 
Apparently much of the streptococcus serum furnished for tlicraixmtic 
use is comparatively feeble in action. 

It is also possible that difterenccs in variety among llic hcmohlic 
streptococci may be of significance in this connection. A scrum cfTcctiie 
against one particular strain may conceivably be without effect on anothci 
strain. As early as 1897, Van'der Velde = employed for immunization 
of animals a number of streptococcus cultures isolated from various 
clinical types of streptococcic infection in man, hoping in this way to 
produce a more effective polyvalent therapeutic scrum. It will be noteil 
that this idea is somewhat different from that of Iilarmorck, who relied 
on one strain and placed emphasis on high virulence and high toxicity 
of the culture strain employed. The question is still somewhat contro- 
versial. However, the desired improvement in clinical results was not 
realized, and in the early part of this centuity scrum therapy in strepto- 
coccic infections fell into disuse. 


KEXEWED IXTEEEST IX SERUM THERAPV OF STREPTOCOCCIC 

IXFECTIOXS 

A reawakened interest in antistreptococcus serum graduall}- gathered 
momentum as a result of studies on scarlet fever, particularly because 
of the promise of practical therapeutic results by the use of scrum in 
this disease. Pioneer work in this field was carried out by Moser ^ and 
b\- Savchenko,^ but this work received little or no attention in the United 
States until George F. Dick"" and Gladys Henry Dick presented the 


2. Van der Velde, H.t De la necessite d’un serum antistreptococcique poly- 
valent pour combattre les streptococcies chez le lapin, Arch, de med. e.xper et 
d’anat. path., Paris 9:835, 1897, 

3. ifoser, P.; Ueber die Behandlung des Scharlachs mit einem Scharlach- 
strepfokokkenserum, AVien. klin. Wchnschr. 15:1053, 1902; Ueber antistreptokok- 
ken serum bei Scharlach, Berl. klin. Wchnschr. 40:13, 1903. 


4. Savchenko, I. G.: Opregoloolenii protivoskarlalinnoi sivorotki (Prepara- 
tion of Antiscarlatinal Serum), Russk. vrach 4:797, 1905. 

5. Dick, G. F., and Dick, Gladys H.: Experimental Inoculations in Scarlet 

^^21; Experimental Scarlet Fever, ibid. 
82 . 96 ^ f ^ Susceptibility to Scarlet Fever, ibid. 

Etiolog>' of Scarlet Fever, ibid. 82:301 (Jan. 26) 
loU’ Fever Toxin in Preventive Immunization, ibid. 82:544 (Feb 16A 

-4; Srarlet Fever Antitoxin, ibid. 82:1246 (April 19) 1924: Prevention nt 
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results of their investigations. These authors appear to have induced 
seal let fever by the inoculation of pure cultures of streptococci into 
the throats of volunteer human subjects. They have been able to obtain 
a toxic filtrate of broth cultures which they employ by injection into 
the skin as a test for susceptibility to scarlet fever. With an amount 
equal to 1,000 skin test doses of toxic filtrate they were able to cause 
transient symptoms of mild scarlet fever in susceptible adults. They 
also produced a concentrated immune horse serum and found that an 
amount of this antitoxic (immune) horse serum sufficient to neutralize 
20,000 skin test doses of toxin constitutes an effective therapeutic dose 
for scarlet fever. In a satisfactory serum the volume of this therapeutic 
dose does not exceed 20 cc. Given early, in adequate dosage, they found 
that it shortens the course of scarlet fever and reduces the number of 
complications and sequelae. When injected into the skin of a patient 
in the florid stage of scarlet fever, this serum is able to bring about 
a blanching of the cutaneous erythema which is apparently similar in 
all respects to the blanching obtained by the analogous use of serum 
from a person recently convalescent from scarlet fever. This phe- 
nomenon furnished a clearly recognizable proof of some protective 
property in the serum. 

These observations served to encourage the renewal of efforts to 
produce antistreptococcus serum, and attempts to extend the field of 
therapeutic application to other diseases than scarlet fever followed as 
a matter of course. Erysipelas may be particularly mentioned. Clinical 
experience has not been uniformly favorable in the serum therapy of 
either scarlet fever or erysipelas, but the favorable reports have been 
sufficiently numerous to encourage the continued production of serum 
for the treatment of these conditions. 

However, even as late as 1923, there were commanding voices raised 
against the use of antistreptococcus serum. Thus Gay,® in July 1923, 
was able to say: “There is nothing approaching acceptable evidence of 
the successful treatment by serum of any of the streptococcal infections, 
except possibly in the complications of scarlet fever. Many definite 
reports of failure to procure results are available.” It should be noted, 
however, that this author seems to have modified somewhat his position 
on this question in recent years. In 1930, he reported that experi- 
mental streptococcic pleurisy of rabbits could be prevented in about 
20 per cent of the cases by the use of a potent antistreptococcus serum, 
and that such a serum combined with exudate cells afforded a high 
degree of protection. 

6. Gay, F. P.: The Use of Antiserums in the Treatment of Diseases, J. A. 

M. A. 81:284 (July 28) 1923. _ „ , • Tr A 

7. Gay, F. P. : The Grades of Resistance and Immunity to Bacteria, ir. . 

Am. Phj'sicians 45:321, 1930. 
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SERUM THERAPy IN STREPTOCOCCIC BACTEREMIAS 
In France, a renewed interest in antistrcptoccns scnnn seems to 
have been initiated bv Vincent ^ in 1929. Successful treatment of strep- 
tococcic bacteremia bv the use of Vincent’s serum has been reported 
by several authors « since 1929. The dosage of his scrum is 100 cc. 
per day; the administration is started as soon as the diagnosis can be 
made, and the amount is diminished only as the in fcction recedes. Accord- 
ing to Vincent, serotherapy should be continued until all symptoins have 
disappeared and for two or three days after complete cessation of lexer. 

In England, Benson and Rankin observed one hundred and four- 
teen cases of puerperal sepsis, all with hemolytic streptococci demon- 
strated by blood culture. The puerperal antistrcptococcus serum of 
Burroughs, Wellcome and Company was given to 20 patients, and the 
concentrated scarlatinal streptococcus antitoxin of the same company 
was administered to 37 patients. The total dosage varied from 100 to 
330 cc. The mortality in the group treated with serum was /5 per cent, 
and in the control group of fifty-seven patients without serum treatment 
the mortality was 68 per cent. Serum reactions were quite distressing, 
especially after intravenous administration. These observations do not 
favor the use of antistreptococcus serum. 

Penfold and Corkill, in Australia, observed steady imjirovcmcnt 
and eventual recovery in a patient witli streptococcic septicemia treated 
with serum. These authors recommend that white mice be inoculated 
with the blood culture from the patient and then be given injections of 
each available kind of antistreptococcus serum. Death of the control 
mice and survival of the mice treated with serum serve to indicate a 
specific therapeutic value of the particular serum. In this way one may 
select file best available serum for the particular patient. 

In the United States, recent experience seems to have been more 
favorable to serum therapy in streptococcic infection. J. H. Park Jr.^" 


8. Vincent, H. ; Sur les resultats therapeutiques donnes par un nouveau serum 
antistreptococcique, Compt. rend. Acad. d. sc. 188:1348 (lilay 27) 1929. 

9. Hubert, C. ; Girard, L., and Henaon ; Deux cas de septicemic a strepto- 
^ues gueris par le serum antistreptococcique de Vincent, Bull. Acad, de med., 

aris 104:405 (Nov. 25) 1930. Vincent, H. : La septicemic a streptocoques. 
.q? traitement par un nouveau serum antistreptococcique, ibid. 105:735 (May 5) 
31 Courta-, M. L. : Septicemic a streptocoque traitee et guerie par le s€rum 
e 'incent, ibid. 106:89 (July) 1931. Canuyt, G.: Streptococcus Septicemia 
narj-ngeal Origin ; Cure Following Therapy by Fixation Abscess and Vincent’s 
.'Xntiserum, Strasbourg med. 92:560 (Sept. 15) 1932. 

witi?AntT°”’ Y' L- K- : Treatment of Puerperal Septicemia 

"itii Antitoxic Serum, Lancet 1:848 (April 22) 1933. 

•In Y V Corkill, O. B. ; Septicemia avith Recoverj- kf T 
Australia 1:341 (kfarch 17) 1928. ^ 

01 lY Treatment of Acute Streptococcic Infection 

Ae Respirators- Tract of Infants and Children, M. Rec. & Ann. 24:58L 1930 
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treated forty-one children with acute streptococcic infection of the 
respiratory tract by injecting polyvalent antistreptococcus serum together 
with therapeutic scarlet fever antitoxin. When this treatment was 
administered before the fifth day it was followed by complete recovery 
without sequelae in every case. These results presented a marked 
contrast when compared with those in the other children afflicted in 
the same outbreak who did not receive the serum, 

Jopson and Eiman observed forty-three cases of infection of the 
blood stream with hemolytic streptococci. In twenty no serum was 
given and in four the injections were either inadequate or administered 
too late, making a total of twenty-four cases with nineteen deaths and 
five recoveries. The survivors had (1) mastoiditis with sinus throm- 
bosis and high fever for forty days; (2) high fever for five days 
following mastoidectomy, (3) abortion with high fever for thirty days 
and (4) cellulitis of the hand treated by incision and drainage (two 
cases). Nineteen of the patients received antistreptococcus serum in 
total amounts between 150 and 750 cc. Of these, fifteen recovered and 
four died. The four fatalities were due to (1) abortion with multiple 
abscesses in the myometrium and thrombosis of the ovarian and renal 
veins, (2) cellulitis of the leg, (3) abortion with clinical peritonitis 
(no necropsy) and (4) abortion and ruptured uterus with generalized 
peritonitis (necropsy). The authors distinguish between the shower 
type of septicemia and massive invasion of the blood stream. They also 
discuss the significance of other factors, such as the state of the various 
organs, maintenance of water balance, nutrition, the proper use of 
transfusions and the surgical treatment of primary and secondary foci. 
Hypersensitiveness to horse serum could not always be overcome even 
after seven or more carefully graded doses of the serum, and on that 
account these authors occasionally employed bovine serum. They regard 
the streptococcus serum as of decided value. 

POLYVALENT SERUM PROBABLY UNNECESSARY 

Amoss, Persons and Hansen-Priiss treated five patients with anti- 
streptococcus serum, all of whom were critically ill with streptococcic 
pneumonia and not expected to live. The serum was that of the New 
York State Board of Health and a commercial brand. Both seemed to 
produce beneficial results. All five patients recovered, and all suffered 
from serum sickness. These authors also demonstrated the protective 
effect of the serums on mice. 

13. Jopson, J. H., and Eiman, J.: The Serum Treatment of Bacteremia Due 
to Hemolytic Streptococcus, Ann. Surg. 92:910 (Nov.) 1930. 

14. Amoss, H. L.; Persons, E. L., and Hansen-Priiss, 0. C: ^erum m t c 
Treatment of Streptococcus Pneumonia, Tr. A. Am. Physicians 46:208, 1 
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In discussing this paper, Wadsworth slated that a scruni produced 
by immunizing horses with the Doclicz streptococcus strain NA. 
had been found to protect against lictwccn 75 and 80 i>cr cent ot h\e 

hundred strains of streptococci tested. 

In some of his later publications, Wadsworth fiue.stioned the 
recognition of a specific streptococcus of scarlet fever. Ihc^seruin 
produced by immunizing a horse with the Dochez strain N.\. 5 troin 
a case of scarlet fever was found to neutralize the toxins of per cent 
of pathogenic streptococci, regardless of their origin. Ihe scruni of .iii 
animal immunized by the use of streptococcus from erysijxilas 
analogous results. Wadsworth does not regard the toxins of these dif- 
ferent bacterial strains as identical, and he recognizes dirfcrcnces in the 
serums. However, he considers scarlet fever not as a specific infectious 
disease but rather as a manifestation of streptococcic infection which 
is in varying degree characteristic. 

Comparative tests in the laboratory of the New \ ork State Depart- 
ment of Health during a period of five years have shown that relatively 
few samples of streptococcus serum possess a potency as high as 400 
units per cubic centimeter. Only when the Dochez streptococcus strain 
N.Y. 5 has been employed has it been possible to get a horse scrum 
with a potency of from 600 to 800 units per cubic centimeter. Most of 
the samples of streptococcus serum in general use continue to appro.xi- 
mate only minimum standards of potency. 

Wadsworth expressed the belief that the interaction between strep- 
tococci and the body defenses is of a complex nature, such that various 
clinical manifestations appear as a result of infection of different hosts 
with the same identical strain of streptococcus. Furthermore, the 
influence of the therapeutic serum is also complex and not well under- 
stood. Evidently its effect is influenced by other defense mechanisms 
of the animal host which themselves are still obscure. He concludes that 
streptococcus serum has a demonstrated value in the treatment of scarlet 
fever, erysipelas and streptococcic sore throat and an apparent but nut 
clearly proved value in more severe streptococcic infections, even those 
with bacteremia. He expects further light to be shed on the subject of 
streptococcus serum therapy as a result of clinical experience with a 
newer concentrated serum of high potency that titrates approximately 
3,000 units per cubic centimeter. This serum has recently been produced 
in his laborator 3 ^ at Albany. 


15. Wadsworth, A. B. : Studies of the Streptococci and Anti-Streptococcus 
enim in Scarlet Fever, Compt. rend.-Congr. Internat. de microbiol. 1:308, 1931 • 
erutn Therapy: Its Value in Pneumonia, Meningitis, Scarlet Fever and Other 
Streptococcus Infections, J. A. M. A. 99:204 (July 16) 1932; Recent Advances in 
e berum Therapy of Pneumonia, Meningitis, Scarlet Fever and Other Streoto- 
^cus Infections, Tr. A. Am. Physicians 47:161, 1932; Serum Therapy of Strep 
tococcus Infection, Canad. Pub. Health T. 24:1 (Jan.) 1933. 
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THE CONCENTRATED SERUM OF THE NEW YORK STATE 
DEPARTMENT OF HEALTH 

Late in 1931, Dr. Augustus B. Wadsworth, director of the division 
of Laboratories and Research, New York State Department of Health, 
made available to us, with certain restrictions as to its use, an almost 
unlimited supply of the newer, high titer, concentrated serum, with a 
potency of from 2,500 to 3,000 units per cubic centimeter. 

According to information received from Dr. Wadsworth, the serum 
is obtained by immunization of horses, first with living streptococci of 
the Dochez strain N.Y, 5 injected into a mass of agar previously 
introduced in a fluid state under the skin of the animal and allowed to 
harden there (Dochez agar-culture method). Later, subcutaneous doses 
of toxic filtrate, supplemented by further injections of living organisms 
by the agar-culture method, are given. The treatment of the horses is 
continued for from one to two years or even longer. Eventually the 
serum of the horse has a potency of from 800 to 900 units per cubic 
centimeter. Concentration is accomplished by precipitation with ammo- 
nium sulphate and further purification by iso-electric precipitation of 
the water-insoluble globulin, giving a final potency of from 3,000 to 
3,600 units per cubic centimeter. 

The opportunity to test this serum in serious streptococcic infections 
was welcomed by us because we were occasionally placed in a somewhat 
difficult position when asked to help in the treatment of septic patients. 
Subsequent to a certain measure of success attained in the bacterio- 
phage treatment of bacteremias due to staphylococci and to colon 
bacilli, some of our clinical colleagues appealed to us for assistance 
when they were confronted with cases of septic infection, regardless of 
the specific nature of the infecting microbe. Not infrequently the 
important infectious agent would prove to be the hemolytic strepto- 
coccus, an organism against which we did not possess any potent bac- 

16. Stevens, F. A., and Dochez, A. R. : The Study of Hemolytic Streptococci 
Associated with Scarlet Fever, Proc. Soc. Exper. Biol. & Med. 21:39, 1923, 
Dochez, A, R., and Sherman, L. : Significance of Streptococcus Hemolyticus in 
Scarlet Fever: Preparation of a Specific Antiscarlatinal Serum by Immunization 
of Horse to Streptococcus Hemolyticus-Scarlatinae, J. A. M. A. 82:542 (Feb. 16) 
1924 ; Studies Concerning the Significance of Streptococcus Haemolyticus in 
Scarlet Fever, Proc. Soc. Exper. Biol. & Med. 21:184, 1924. Dochez, A. R., and 
Stevens, F. A. : Studies on Biology of Streptococcus : Agglutination and Absorp- 
tion of Agglutinins with Streptococcus Scarlatinae, J. Exper. Med. 40:253, 1924, 
Studies on Biology of Streptococcus; Occurrence of Streptococcus Scarlatinae m 
Convalescence and in Complications of Scarlet Fever, ibid. 40:493, 1924. 

17. MacNeal, W. J., and Frisbec, F. C: Bacteriophage as a Therapeutic 
Agent in Staphylococcus Bacteremia, J. A. M. A. 99:1150 (Oct. 1) 193.., ac 
Neal, W. J.; Frisbee, F. C, and Applebaum, Martha: III. Use of Bactcriop lagc.s 
in the Treatment of Colon Bacillus Septicemia, Arch. Surg., to be published. 
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teriophage. It became a source of satisfaction tor us to liavc availal)le 
a streptococcus serum for use in such patients. At first the invitation to 
employ bacteriothcrapeutic measures came only after the condition of 
the patient appeared to be quite hopeless. Later it became jiossiblc for 
us sometimes to use the scrum even in patients who seemed to hai e a 
good chance to survive without it. More recently it has iiccn possilile 
to use the serum in still earlier stages of streptococcic infection in order 
to forestall threatened extension of the infection and consequent muti- 
lating operative procedures. 

The case histories to be presented in the succeeding papers of this 
series have not been selected with the purpose of proving any the.sis. 
They represent our total experience in the use of the concentrated .strep- 
tococcus serum of the state laboratory during a period of apjiroxiinately 
two years. It is not certain that the most cflectivc methods of employing 
serum therapy in streptococcic infections have yet been ascertained. We 
are convinced, however, that the serum is being more intelligently and 
more effectively employed in our more recent cases than in the earlier 
ones of our series. We are also certain that the scrum thcrajn- of .strej-)- 
tococcic infections is now held in much higlicr esteem by our clinical 
associates than it was in 1931. 


sx:mm.\ry akd conclusions 

1. Serum therapy of streptococcic infections has been a controversial 
subject almost since the description of the first streptococcus serum bv 
Marmorek in 1895. 


2. After a period of disfavor and disuse, interest in streptococcus 
serum was revived by its somewhat successful application in the treat- 
ment of scarlet fever and of erysipelas. 


3. While the classification of the hemolytic streptococci is still con- 
fused, there is no valid reason for distinguishing between therapeutic 
serums for different clinical types of streptococcic infection. 


4. The most potent antistreptococcus serum now available appears 
to e the concentrated serum of the laboratory of the New York State 
department of Health. 
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BLADDER 

Tumors Among Dye Workers . — Anderson stated that occupation 
is a causal factor in the development of vesical tumors among workers 
in aniline dyes. The duration of occupation and not the age of the 
patient is the determining factor in the development of such tumors. 
The familial history is apparently an unimportant factor. Neither posi- 
tive nor negative symptoms and signs are conclusive evidence of the 
presence or absence of vesical tumors among these persons. A positive 
diagnosis of such a tumor can be made only by early and periodic cysto- 
scopic examinations. 

Gehrmann stated that vesical tumors occur more commonly among 
dye workers than in other persons and that, in his experience such 
tumors occurred among 4.5 per cent of the former. The combined 
experiences of the dyeing industries of Germany, Switzerland, England 
and America indicate that aniline, alpha and beta naphthylamine and 
benzidine probably are the etiologic compounds. Vesical tumors may 
appear at any time after two years’ exposure, and removal of the worker 
from the dye operation does not eliminate the possibility of the future 
development of the growth. The adoption of a completely closed and 
properly ventilated process, together with careful medical supervision 

24. Anderson, L. W. : Incidence, Symptoms and Signs, Results of Survey, J. 
Urol. 31:148 (Feb.) 1934. 

25. Gehrmann, G. H.: The Carcinogenctic Agent-Chemistry and Industrial 
Aspects, J. Urol. 31:126 (Feb.) 1934. 
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and protection will eliminate the hazard, but these methods will require 
many years of active enforcement and must continue so long as the 
compounds are made. 

Gay-® stated that the pathologic characteristics of tumors ot the 
bladder among dye workers are not essentially diflerenl from those of 
tumors of unknown origin. The tumors arc single or multiple, papillary 
or sessile, infiltrating or noninfiltrating, ulcerating or nonulccr,iting , 
there may also be any combination or sequence of these characteristics. 
An analysis of 124 of the approximately 200 cases reported from various 
German sources indicates that the incidence of carcinoma is about twice 
that of papilloma. The occurrence of nonepithelial neoplasms is rare. 
In the cases reported papillomas are more often single, and carcinomas 
are more often multiple. Thirty-seven tumors were situated on the 
trigon, and 16 were found elsewhere in the bladder. In this scries 
tumors situated elsewhere than on the trigon appeared to be more 
malignant than those situated at the base of the bladder. Although the 
tumor may invade the tissues of the pelvic cavity, metastasis is extremely 
rare. There are many records of submucous hemorrhages, localized 
areas of hyperemia or cystitis in which tumors developed later. 

Gay gave data on 17 tumors of the bladder occurring among dye 
workers, which had been examined microscopically. Seven were 
papillomas of grade 1. The remaining 10 lesions were classified as 
follows: 4, papillary carcinoma of grade 2; 1, carcinoma of grade 3; 1, 
carcinoma of grade 4; 3, coexistent papilloma and carcinoma; 1 was 
diagnosed as carcinoma but not graded. The multiple tumors were 
all carcinomas. Seven of the single tumors were papillomas, and 3 
were carcinomas. In S cases the tumors were not preceded by 
symptoms. 

M'ashbum -• reported that 23 men, all engaged in the manufacture 
of dyestuffs in the United States, had been treated for tumor of the 
urinary" bladder. Eleven of these men had single tumors which were 
treated through the cystoscope by fulguration with the bipolar current, 
and 7 had multiple tumors which were treated in the same manner! 
Two patients in this group have had new lesions in a different situa- 
tion. Open operation was performed in 5 cases; 2 patients of this 
group had a single tumor, graded 3 and 4, respectively. The remaining 
3 lesions were multiple; 2 were graded 3 or 4, and 1 was clinically 

malignant but unfavorable for biopsy. There have been no deaths in 
the series. 

137lFd.Tl934^^’' J- Urol. 31: 

J. U'ta'V Bladder, 
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Tumors . — Kretschmer and other members of the Committee on 

Carcinoma Registry reviewed reports of 902 cases of epithelial tumor 
of the bladder submitted to the Carcinoma Registry of the American . 
Urological Association. The sex incidence in this series is approxi- 
mately 76 per cent males and 23 per cent females. The peak age inci- 
dence was from 55 to 59 years; 62 per cent of the patients were between 
the ages of 50 and 69 years. Sixteen epithelial tumors of the bladder 
occurred among aniline dye workers. A family history of carcinoma 
was of no apparent significance in this series of cases of carcinoma of 
the bladder. 

Tumors involving the lateral walls, trigon and neck of the bladder 
constituted 76.6 per cent of all the tumors in this series. Less than 
half of the neoplasms in these situations were highly malignant, whereas 
3 of every 4 tumors of the vault of the bladder were of grades 3 or 4. 
The site of the growth has little apparent relation to the prognosis 
except when the vault is involved, in which case the prognosis for five 
year cures is 18.7 per cent. 

Of the total number of epithelial tumors, 643 were single and 250 
were multiple. Only 1 of every 3 multiple tumors was highly malignant, 
whereas half of the single tumors were of grades 3 or 4. Forty-five 
per cent of the tumors in this series were larger than 5 cm. in diameter 
when first observed. When the tumor was less than 2 cm. in diameter 
the results were greatly improved. Metastasis was present in approxi- 
mately 10 per cent of the cases in this series. 

Recurrence followed treatment in 46.2 per cent of the cases. Detailed 
observations were made at necropsy in 79 of the 902 cases. On micro- 
scopic examination approximately half of the tumors were found to 
be infiltrating. In 5 per cent of the cases tumors of more than one 
type were found. Hematuria was the initial symptom in 63 per cent * 
of the cases, and it was discovered on examination in 76 per cent of 
the cases. Only 10.8 per cent of the patients were completely examined 
and the diagnosis established within one month. In 48 per cent of the 
cases in the series the diagnosis was delayed more than one year. Loss 
of weight constituted a major complaint in slightly more than one 
fourth of the cases. 

Careful preoperative preparation of patients with carcinoma of the 
bladder should be observed as a means of reducing the operative mor- 
tality. More than one third of the patients were found to have serious 
impairment of renal function. Cytoscopic examination, biopsy ai^r 

28. Kretschmer, H. L.; Barringer, B. S.; Braasch, W. F.; Dean, A. L.; 
Ferguson, R. S.; Keyes, E. L., and Smith, G. G.: Cancer of the Bladder; a Study 
Based on 902 Epithelial Tumors of the Bladder in the Carcinoma Registry of the 
American Urological Association, J. Urol. 31:423 (April) 1934. 
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roent-en examination are the principal means of diagnosis, 
"shown to he highly accurate in this senes. _ The stamlard 


were 


of treatment were resection, fulguration and irradiation, 
patients obser^-ed for five years or more, 33.24 per cent were ahve at 

the end of that period. , , • c \ 

Keves=^ presented a report on case histones, the basis of which 

constituted a continuation of the histories of 31 patients with vesical 
tumor treated by suprapubic implantation of metal capsules containing, 
radium. These 31 cases have been reported previously and the method 
of operation described. They are the first 31 cases in which operation 
was performed by Keyes’ method. The operations were pcrionncfl 
between December 1925 and March 1928. The results five years after 
these operations are quite gratifying in spite of the fact that 4 cases 
have been included (4, 15, 16 and 1/) in which initial treatments were 
made by resection or by implantation of radium using less satisfactory 
methods ; 2 with glass seeds and 2 with steel needles containing radium 
element. The 4 patients have died of carcinoma. In the previous report 

2 deaths from operation were recorded; 1, three days after suprapubic 
implantation of radium; the other, caused by ileus, following resection of 
the bladder for persistent tumor of the vault after repeated implantation 
of radium had failed. In the previous report results were tabulated 
after dmding the types of papillomas into four groups: grades 1. 2. 

3 and 4. 

Keyes stated that it is interesting to compare the prognostic accuracy 
of the older methods of more or less combined clinical and pathologic 
malignancy with the modern grading. According to the older classifica- 
tion 8 tumors were graded 1 and 2. Only 1 (12.5 per cent) of these 
patients died. Eleven tumors were of grade 3 ; 2 patients died follow- 
ing operation, and 3 -died later of carcinoma, making a mortality of 
nearly 50 per cent. One of these patients lived three and a half years 
from the time of the original treatment. Thirteen of the 14 patients 
died of carcinoma clinically graded 4. 

Keyes commented that all epithelial tumors of the bladder graded 
1 or 2 should be regarded as curable and treated by fulguration, implan- 
tation of radon or c}'stectomy unless the patients were moribund or 
unless for other reasons operation could not be performed. For lesions 
of grade 3 the prognosis is poor. He reported that only 23 per cent 
0 such lesions were controlled for five years. Most of the deaths from 
^ranoma occur in the first rivo years. The prognosis for lesions of 
b ade 4 IS even worse. One patient had remained at work and appar- 
was well for six years, when he suddenly died of carcinoma 


Bh?def?umor; Tr Suprapubic Radium Implantation i 
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Keyes reported 37 implantations of radon with but 1 postoperative 
death. Postoperative spasms which follow implantation of glass seeds 
do not occur unless more than twenty radon seeds are implanted. 
Twenty-seven of the operations were followed by no more discomfort 
than is to be expected after cystotomy. The 6 patients who required 
more than one operation submitted to the second operation without 
comment. Resection is not applicable to tumors about the trigon or 
vesical neck, although tumors in these sites present no peculiar difficul- 
ties to the implantation of radon. Ureteral reimplantation does not have 
to be considered. The operative mortality is much lower, and the stay 
in the hospital is so much shorter that it pays for the radium. In this 
series drainage was carried out in 11 cases, and in the 26 cases in 
which sutui'e was made without drainage, wounds broke open in 11. 
In the IS cases in which leakage did not occur, the average postoperative 
stay of the patients in the hospital was fifteen days; in the other cases 
the postoperative fistula remained open on the average for twenty-three 
days. Ke3'^es stated that it is to be hoped that the permanency of cure 
with radium is no longer questioned. 

Ferguson stated that it had been his privilege to study annually 
the registry of vesical tumors and to report the contents of it to the 
American Urological Association. Last year he found 600 cases in the 
registry, in 154 of which treatment had been given more than five 
years previously. The figures for five year survivals for each grade at 
that time corresponded closely to those reported by Keyes, being 72 
per cent for grade 1, 43 per cent for grade 2, 24 per cent for grade 3 
and 4 per cent for grade 4. This year there are reports in the registry 
of more than 600 tumors, and the comment that the rate of growth of 
this registry to date has exceeded the rate of growth of any other regis- 
try of national scope is interesting. 

Graves and Militzer stated that metastasis to bones from car- 
cinoma of the bladder is more common than is generally supposed. 
Metastasis may be of slight extent or widespread. Aside from the 
pelvis there seems to be no particular predilection for any bones. A 
search for evidence of metastasis must, therefore, be thorough. One 
case of carcinoma of the bladder with metastasis to the lungs, liver 
and right fourth rib, histologically proved, is presented. In addition, 4 
cases of carcinoma of the bladder with roentgenologic evidence of 
metastasis to bone are reported. Osseous metastasis from carcinoma 
of the bladder is usually of the osteoclastic type, although some cases of 
carcinoma of the bladder also show osteoplastic changes. Two cases 

30. Ferguson, Russell, in discussion of Keyes, so p. 227. 

31. Graves, R. C., and Militzer, R. E.: Bone Metastases from Carcinoma of 
the Urinary Bladder, Tr. Am. A. Genito-Urin. Surgeons 26:185, 1933. 
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of carcinoma of the bladder revealing changes m bone suggestive of 
Paget’s disease are reported. Great caution must be observed m con- 
demning a case as inoperable because of associated lesions in the bone. 

Nicholls^- stated that papillomas of the bladder do not tend to 
metastasize, and if extension does take place it is usually by direct 
spread to the pelvic tissues or by lymphatic structures to the prcaortic 
glands. Discontinuous metastasis of a benign vedcal papilloma is 
extremely rare, and the widespread skeletal deposits so common in 
prostatic carcinoma are almost unknown in vesical malignancy. 

NichoIIs reported a case of apparently benign, transitional cell 


papilloma of the bladder with multiple skeletal tumors of the same tyjie 
of growth. The vesical tumor, which on section proved to be a benign 
papilloma, had been excised by cauter)'. Three years later the patient 
returned because of pain and swelling in the right knee. Some hema- 
turia had occurred in the inter\'al and on the posterior wall of the 
bladder there was a recurrence of the villous tumor, which was removed 
suprapubically. Ten days later roentgenograms revealed destruction 
and calcification of the right femur and tibia. Following arthrotomy 
for biopsy, the tumor of the knee increased, and a mass appeared in 
the right iliac fossa. The patient died one month after cystotomy had 
been performed. Extensive metastasis of a transitional cell papilloma 
similar to the one in the bladder was found in the lungs, ribs, pelvis, 
right femur and tibia. Sections of all these tumors revealed regular 
papillar}^ processes in each case, with cells regular in shape and size 
and no mitosis. Ossification w'as present in the sections taken from the 
bony tumors. Section of the vesical wall in the region of the removed 
tumor gave no evidence of neoplasm. 

This case is singular in that the vesical tumor was benign both 
clinically and microscopically. A tumor removed three years later was 
single and noninfiltrating, and extensions could not be found in the 
vesical wall at postmortem examination. The bony deposits were like- 
wise microscopically not carcinomatous, although their growth was rapid 
and destructive. 


NichoIIs speculated as to the mode of entry of these cells into the 
blood stream and concluded from the clinical history that it was inde- 
pendent of either operation. He compared the picture to the multiple 
thyroid metastasis seen in malignant adenoma of the thyroid gland, which 
may erode blood vessels and give rise to distant metastasis early in its 
career when it is small and confined to its capsule, and thus clinically 


Brlf Papilloma with Widespread Metastases 
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Sfoues.— Adrian reported the remarkable case of a woman aged 

SO in whom calculi had taken an extraordinary course from the gall- 
bladder to the urinary bladder and had been expelled through the 
urethra. Only 7 similar cases, all occurring between the years 1836 
and 1897, have been reported in the literature. Six of these patients 
were women, and the sex of the seventh was not indicated. The case 
reviewed by Adrian was first observed in 1919, and the patient has 
never been lost sight of since. For nine months the patient had expelled 
through the urethra at least one hundred stones composed of pure 
cholesterol, forty-eight of which she had saved and turned over to 
Adrian for study. The stones were of different sizes and shapes, but 
all were characterized by extreme lightness of weight; these forty- 
eight stones, which nearly filled a wine glass, weighed altogether only 
21 Gm. and floated when placed in water. Most of them were gray, 
smooth and shiny, with faceted surfaces. However, on one occasion, a 
stone of an entirely different appearance, yet of the same chemical 
character, arrived in the urethra; after several days of intermittent 
urinary retention, culminating in complete retention for sixteen hours, 
the stone was removed at operation. Cystoscopy revealed a brown 
rounded calculus, approximately the size of a walnut, with a corrugated 
surface without facets, lying in a rather unusual position in the left 
side of the bladder, attributed by Adrian to deformation of the floor 
of the bladder. In the course of extraction the stone unfortunately was 
broken to some extent, leaving, however, one large fragment and several 
small ones that could be patched together; reconstruction of the stone 
showed that it had been cone-shaped, about 13 mm. in diameter at its 
base and 12 ram. in height ; its weight was 35 Gm. Because of bleeding, 
cystoscopy could not be carried out for a week; when it was carried 
out, however, it revealed an empty bladder, the mucosa of which showed 
no signs of acute inflammation. The ureteral orifices appeared like 
large slits in the middle of numerous prominences of the hypertrophied 
vesical musculature. In the supero-anterior part of the cavity, above 
the “air-bubble,” in the middle, Adrian discovered a diverticulum the 
size of a large almond (about 1 cm.) with its greater diameter running 
horizontally. Its margins were irregular, and it appeared to be empt)^ 
From that time on the patient never had any further vesical trouble, 
and her restoration to health caused her to refuse cystography, which 
might have revealed the exact site of the diverticulum. She did, however, 
consent to insufflation of the colon, which revealed that the entire trans- 
verse colon passed in front of the liver, which was strikingly ptosed. The 
chemical analysis of the stones showed them to be typical biliary calculi. 

33. Adrian, Charles: Calculs biliaires dans la vessie d’une femme, Bull. Soc. 
franc, d’urol. 37:386 (Dec. 18) 1933. 
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Despite ptosis of the liver, it is impossible to assume the existence of 
a diLt communication between tlie gallbladder and the urinary bladder 
as the result of simple inflammatory adhesions of the walls of the two 
organs. Such a communication, if it ever took place, was the resiiU 
of the interposition of a more or less latent focus of peritonitis. But 
there is another passage that the calculi may have made use of to reach 
the bladder, namely, the urachus, after the establishment of an adhc.sion 
betrveen the gallbladder and a persistently patent urachus. Among the 
seven cases found in die literature, two ivere of this kind (Koc.nlin, 
Kroenlein), as was clearly revealed at necropsy. It appears that from 
1893 on, ivhen the patient had her first accouchement, up to the sjiring 
of 1918, die calculi had remained cither in the gallbladder or in the 
urachus, while they formed a more or less closed cavity separated from 
the bladder. Not until this had occurred did the patient discharge sue- 
cessivel}'- the one hundred or more stones of which forty'-cight were 
saved. That each group of stones which was passed had not remained 
long within the bladder is shown by die results of chemical examination, 
and the same is true of the last stone, the appearance of which was 
different. The really strange occurrence in the case is that after extrac- 
tion of this last stone, too large to be evacuated spontaneously, a silent 
cure took place, the gallbladder hawng emptied itself completely, with- 
out causing infection of either the liver or the bladder. 


Hemorrhage . — Boyd stated that sudden, severe hemorrhages into 
the unopened bladder are usually best treated by emptydng the bladder 
of clots through suitable urethral instruments and then using quite hot 
irrigations. Electrocoagulation of the bleeding points is sometimes 
necessary, and occasionally even suprapubic cystotomy may be required. 
In elderly or anemic patients radical measures should be instituted 
without too much delay wdien the hemorrhage is not readily controlled, 
especially if ample facilities for transfusions of blood are not available 
tor immediate use. 

One of Boyd’s patients had a hemorrhage into the bladder follow- 
ing an unsuccessful attempt at urethral catheterization, another hemor- 
rhage several days later, which stopped w^hen the bladder was opened 
suprapubically, and a third hemorrhage a week later, which stopped 
when the patient \yas given a spinal anesthesia to permit reexamination 
of the bladder. Since no visible source of bleeding could be found at 
cystotomy and since the patient had a fairly large, benign hypertrophy 
ot the prostate gland, Boyd concluded that the hemorrhage was from 
t e veins which ran in the mucosa that covered the intravesical portion 
ot the pros tatic hypertrophy. In this instance these veins may have 

(Xov.-lTwt Hemorrhage into the Bladder, Am. J. Surg. 22:203 



874 


ARCHIVES OF SURGERY 


been unusually engorged by an obstruction to the venous circulation of 
the bladder, which it appears could have been caused by an extensive, 
acute abscess of the appendix which preceded the first hemorrhage by 
about seven weeks. • Unexplained irritation had also appeared just after 
the appendical abscess was opened and had produced pains in the region 
of the prostate gland, resulting in spasms of straining to urinate and 
defecate. These spasms recurred at varying intervals of hours or days 
and in varying severity for several months, and they were worse during 
and preceding the hemorrhages. Subsequent examination of the urethra, 
bladder, rectum and abdomen did not reveal the presence of other 
changes that could account for the symptoms and the hemorrhages. 

Gangrene . — Stirling and Hopkins reviewed 207 cases of gangrene 
of the bladder, and reported 2 cases of their own. They stated that in 
any form of severe, chronic cystitis, the possibility of gangrene should 
be borne in mind and drainage instituted as early as possible. Gangrene 
of the bladder occurs more commonly than is suspected, because of 
failure in diagnosis and in obtaining necropsy. Retention of urine and 
the presence of infection are the chief predisposing factors. Treatment, 
if instituted early, may result favorably even in the presence of severe 
necrosis. Palliative treatment may be tried in females, but early drainage 
by cystotomy offers the best prognosis in males. 

Pyo-Urachii.s . — Stevens reported a case of pyo-urachus which 
differed from most cases of inflammation of the urachus in that there 
was no opening leading to the umbilicus or to the bladder ; the urachus 
had not retracted downward as usual but remained attached to the 
umbilicus. The urachus had remained patent at its upper portion, as 
proved by the islands of epithelium found. Therefore, the urachus had 
apparently become merely a cord of smooth muscle and fibrous tissue 
at the lower end, with no sign of epithelium or of a lumen. The inflam- 
mation was confined to the upper part of the urachal structure, without 
involvement of the vesical end. 

PROSTATE GLAND 

Prostatectomy. — Harris summarized his experience over a period 
of five years with his original method of prostatectomy with closure. 
There have been some minor though important alterations in the technic. 
The essential features of this operation, which is not to be used by the 

35. Stirling, W. C, and Hopkins, G. A.; Gangrene of the Bladder: Review 
of Two Hundred and Seven Cases: Report of Two Personal Cases, J. Urol. 
31:517 (April) 1934. 

36. Stevens, A. R.: Pyo-Urachus, Tr. Am. A. Genito-Urin. Surgeons 26:13, 
1933. 

37. Harris, S. H. : Prostatectomy with Closure : Five Years’ Experience, Erif. 

J. Surg. 21:434 (Jan.) 1934. 
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surgeon who only occasionally performs a prostatectomy, arc: (1) 
immediate and complete control of hemorrhage by suture, (2) refor- 
mation of the prostatic urethra by a trigonal-capsular suture, (d) 
obliteration of the prostatic cavit}' by this suture and additional anterior 
transverse obliterative suture and (4) complete closure of the bladder 
and abdominal wound. The last-mentioned feature, although a valuable 
asset, is more of a comfort and convenience to the patient than a vital 
factor in tire final outcome. If the bladder is not completely closed 
postoperative drainage is of short duration and of no consequence as 
compared to tlrat in other metliods of suprapubic prostatcctomr . 

Careful attention to all details are essential for success, and there 
are two factors of safety of paramount importance: (1) employment 
of surgical asepsis and antisepsis in the care of the catheter in both the 
preoperative and postoperative periods and (2) employment of the intra- 
urethral method of digital enucleation of the prostate gland. 1 he details 
of tire operation and the special instruments used arc described. 

Between 1927 and 1932, Harris performed 371 prostatectomies by his 
plastic method. An operation in one stage was performed in 364 cases, 
and a two-stage operation in 49. In 356 cases the bladder was closed, 
and in 15 there was suprapubic drainage. There were 10 deaths, a 
mortalit)' rate of 2.7 per cent. 

Goldstein and Abeshouse®® reported a case of infection by gas 
bacilli following perineal prostatectomy. In this case the development 
of the infection is undetermined. The following sequence of events 
offers a possible and probable explanation : Clostridium Welchii, which 
undoubtedly was present in the rectal contents before operation and was 
isolated from the rectal contents after operation, had spread through 
the rectovesical and rectoprostatic tissues following the operation and 
had resulted in an infection of the prostatic bed. The serosanguineous 
discharge from the operative wound had spread and contaminated the 
cutaneous surface of the right thigh, and the organism was carried in 
and implanted in the tissue of the right tliigh as a result of hypodermic 
injections of digalen-Roche (Cloetta). 

Familiarity with the clinical symptoms of infection by gas bacilli 
is essential and imperative in order to recognize and treat this compli- 
cation successfully. The best results are dependent on early recognition 
• of the disease and on the institution of immediate and thorough treat- 
ment. The treatment should consist of wide incision and drainage of the 
involved areas, including the operative wound, combined vnth sero- 
therapy. A poljwalent serum injected intramuscularlv and intravenouslv 
has 3'ielded the best results. ^ ^ 


3S. Goldstein, A. E., and Abeshouse, B. S. ■ 
T. Urol. 31:547 (April) 1934. 
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Rescctiou. Caulk and Harris stated that when the various high 
frequency cutting instruments are used, injury to tissue is often pro- 
duced more deeply than is generally desirable and that it is often to some 
extent unavoidable. High current densities applied for more than a 
second may do injury at depths from a few millimeters to more than 
a centimeter. In order that tissue may be cut with high frequency cur- 
rents intense heat is required at the active electrode. To produce this 
heat it is necessary for the current to pass through the tissue from an 
indifferent electrode and focalize at this point. In so doing, the paths 
of current, in their concentration toward the active electrode, generate 
varying degrees of temperature deep within the tissue, away from the 
point of active burning; in removal with the actual cautery approxi- 
mately the same temperature is applied at the surface of the wound, 
but heat is not produced within the tissue, except by conduction from 
the surface. 

The analysis of Caulk and Harris’ experiments with high frequency 
currents shows conclusively that, at depths within the tissue of at least 
1 cm. away from the active point of burning, changes in temperature 
well beyond the thermal death point of tissue have been produced, 
whereas with the actual cautery, heat registrations less than 0.5 cm. 
away, after repeated applications at the same site, have been negligible. 
The temperature which causes thermal death of tissue^ cells certainly 
lies between 44 and 52 C., probably at about 47 C. 

An analysis of specimens removed by high frequency excision reveals 
varying grades of tissue destruction in these distant areas and, according 
to physical principles, demonstrates more pathologic insult than is noted 
in the tissue removed by the active electrode, for the simple reason 
that the current penetration in the underlying tissues is greater than 
that in the tissue removed. In removal with cautery the opposite is 
true. 

Owing to the inherent quality of electric currents to produce heat 
in tissue and to the fact that these currents exert a deleterious effect on 
the tissue well away from the site of burning, it is essential that surgeons . 
who are employing them should recognize their inherent dangers and 
exercise every precaution in modeling their technic. Bearing these points 
in mind, it is absolutely necessary in resection of the prostate gland to 
shift the scene of activity from one portion of the gland to another, 
in order to deviate the paths of current, avoid accumulative heating 
and not concentrate on any one segment except for a short time. It is 
also highly important that the minimal cutting current be applied for 

39. Caulk, J. R., and Harris, Wilbur: A Study of Comparative Effects of 
Various High Frequency Currents and of Thermal Cauterization in Prostatic 
Resection, Tr. Am. A. Gcnito-Urin. Surgeons 26:168, 1933. 
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the shortest -possible time. It bleeding should occur it should be con- 
trolled with collating currents, which are far less penetrating anc 
injurious. Removal ot prostatic obstruction by cautery, or by methods 
which involve mild coagulation followed by excision of tissue or by coUl 
cutting procedures followed by coagulation, unquestionably appears to 
have less inherent dangers diati methods which employ any type of 
high frequency cutting. 

URETHRA 


Urethrotomy. --Barney reported a simple method of iicrforming 

external perineal urethrotomy which he has used successfully over a 
period of fifteen years. A soft rubber catheter is passed through the 
urethra into the bladder in die usual manner until its distal or outer 
end is almost level with the external meatus or with the orifice of the 
urethra. That end of tire catheter is then grasped with a small clamp, 
preferably rvith a half-cun-ed shank. The catlieter and clamp arc then 
passed on into the urethra until the point of the clamp can be felt 
pressing against the floor of the bulb. In the meantime, the free portion 
of the catheter has passed on into the bladder. The point of the clamp 
is now made to impinge against the perineum, bulging it sharply outward 
in the median line. An incision from 1 to 2 cm. in length is then made 
through the median raphe, the tissues being divided until the point 
of the clamp, the catheter still in its grasp, is exposed and worked 
through the incision. The end of the catheter is then firmly held with 
the fingers or by another clamp, the first clamp being opened and with- 
drawn backward from the urethra, leaving the catheter emerging from 
the perineal incision. The catheter is then drawn out until its eye 
occupies a suitable position rvithin the bladder for uninterrupted drain- 
age. Two transverse sutures are taken, one above and the other below 
the catheter, each being tied around it. These sutures should be passed 
quite deeply so as to include the corpus spongiosum, thus not only 
controlling whatever bleeding there may be, but also anclioring the 
catheter firmly in place. Care should be taken that while being passed 
through the urethra the clamp is not permitted to open and release the 
end of the catheter. 


Formation of Valve . — ^Lowsley and Kirwin'*^ stated that Young and 
his co-workers distinguished three general types of valve formation 
causing obstruction of the urethra, a classification which has been used 
by later writers on the same subject. In ty'pe 1 there is a ridge on the 


-5(t Barney, J. D. : A Simple Method of Performing External Perineal 
brethrotomy, Surg,, Gynec. & Obst. 59:100 (July) 1934. 
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floor of the posterior urethra, commencing at the verumontanum and 
continuing as a part of this structure. This ridge runs anteriorly to the 
bulbomembranous juncture where it divides into two processes, which 
are attached, in the form of a thin membrane, to the circumference of 
the urethra, at times completely encircling it. In type 2 there are similar 
membranous sheets, attached posteriorly to the verumontanum, in the 
region of the internal sphincter. In type 3 the membranes are without 
any relation to the verumontanum ; these may be found in any portion of 
the posterior urethra. This type is called the “iris valve” because the 
valve resembles the iris of the eye. The membranous structure fills the 
entire circumference of the urethral lumen, but there is a small opening 
in its center ; at times this is very minute or of such dimensions as to 
give the appearance of two folds lying at either side. The concave 
aspect of this form of membranous obstruction is always toward the 
bladder. 

The symptoms of this lesion are manifested by the immediate effects 
of obstruction to the outflow of urine and by the more remote conse- 
quences of back pressure and urinary retention. The symptoms may be 
only those of secondary infection, the general condition resembling 
that seen in hypertrophy of the prostate gland. The most common 
symptom is a small urinary stream of diminished force, with straining 
and difficulty. The distended bladder is often palpable as high as the 
symphysis. Overflow incontinence, with a history of urinary difficulty or 
a previous diagnosis of enuresis, is likely to be the characteristic finding. 
In the advanced cases more distinct effects of the chronic obstruction to 
vesical drainage are observed. The clinical picture may simulate that 
of chronic diffuse nephritis or it may suggest the syndrome accompanying 
bilateral polycystic. kidneys. In general, the symptoms are those of long- 
continued retention of urine and of infection. 

There is a divergence of opinion as to the best method of eliminat- 
ing these obstructions, although there is complete agreement as to the 
necessity of their immediate and entire removal. The condition is closely 
analogous to retention in hypertrophy of the prostate gland among 
men of middle age. Proper preliminary treatment of this condition 
among children is as important as suitable operative measures. In the 
first cases recognized attempts were sometimes made to dilate the 
obstruction forcibly with sounds, or the urethrotome was frequently 
used. In a few of his earlier cases Young performed operation fntra- 
urethrally, using the punch instrument. Randall successfully employed 
fulguration in 2 cases. Hinman and Kutzmann followed several different 
plans of treatment in their 6 cases, among others, suprapubic cystotomy 
and perineal prostatectomy, with destruction of valves in the posterior 
urethra, or suprapubic cystotomy with splitting of the urethral folds. 
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^ man aged 57 and an infant aged 2 years both prcscntcd_ median bars 
which were resected suprapubically ; in other cases fulguration was used. 

Twiior.— Lazarus stated that carcinoma of the urethra is rela- 

tively rare. Any long-standing stricture of the urethra that docs not yield 
to the usual methods of dilation and that is accompanied by a hemor- 
rh^c urethral discharge should be thoroughly investigated. A stricture 
involving the membranous portion of the urethra, accompanied b} a 
periurethral abscess which fails to respond to the usual methods of treat- 
ment, is also indicative of the possibility of carcinoma. A stricture of 
the urethra accompanied by a region of induration within the urethra, 
especially when accompanied by inguinal lymphadenopathy, suggests 
carcinoma, and biopsy should be made on a node removed from the 
groin. The treatment of choice is radical amputation of the penis, with 
block dissection of the inguinal and crural Ij-mph nodes, followed by 
radiotherapy. The prognosis in cases of carcinoma of the urethra is 
poor, principally because of failure to make an early diagnosis. 


TESTES 

Undescended . — In 1926, Burdick and Coley reviewed the opera- 
tions for undescended testes at the New’ York Society for the Relief of 
the Ruptured and Crippled and were so discouraged with their end-results 
that they sought some better method of operating. Torek’s results by 
orchiopexy, bringing the testis out tlrrough an incision in the scrotum, 
anchoring it to the fascia of the thigh and suturing the margins of the 
scrotal w’ound with those of the thigh, were so satisfactory that Burdick 
and Coley tried his method. They tried it first in selected cases, and 
they were so pleased wdth the results that they have adopted it as a 
routine procedure during the past five years at the New York Society 
for the Relief of the Ruptured and Crippled, in the children’s surgical 
sendee of Bellevue Hospital and at the Lincoln Hospital. Burdick and 
Coley believe that the most suitable age for operation is behveen 8 and 
12 years. This gives the testis a good chance to descend voluntarily if it 
wilk, it is larger and easier to manipulate, and the structures are more 
easily identified than among yoimger patients. Also, the organ has been 
placed in its normal position before the changes occur which come with 
pubert}’. 

Burdick and Coley believed that if the undescended or maldescended 
testis is accompanied by a large hernia, an earlier operation is imperative, 
as, naturally, retention of the hernia by a truss is certain to exert pres- 
sure on an a lready underdeveloped organ and also prevents any tendency 

S231j™™ 34.^' Carcinoma of the Male Urethra, J. Urol. 31: 

Undescended Testicle, Ann. Surg. 98: 
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to normal descent. Moreover, the continued trauma of a truss may, 
theoretically at least, predispose to malignant change in the undescended 
testis which, statistics have shown, is more prone to such degeneration 
than a normally situated testis. Trusses, therefore, are contraindicated. 
In cases of maldescent, especially when the testis is directed into the 
thigh instead of the scrotum, Burdick and Coley usually advised opera- 
tion earlier, as further descent does not aid the testis in reaching the 
scrotum. 

Torek’s operation is described in detail; it consists principally of 
freeing the testis, lengthening the spermatic cord and then anchoring 
the testis to the thigh. This anchor is released at a second operation, 
when the scrotum has been sufficiently lengthened. In reviewing their 
operations fay the Torek method Burdick and Coley were impressed 
by the fact that many times a testis which was only half or two-thirds 
normal size at the first operation had developed, and, at the second 
stage, approximated normal size. Other testes that had not been normal 
at this stage had continued to develop in the scrotum, and a follow-up 
note a year later elicited the information that the testis operated on 
was the same size as its fellow. Not infrequently it is difficult to 
palpate a testis buried in the thigh, and its actual size cannot be appre- 
ciated. In several instances in which Burdick and Coley thought that 
the testis was greatly atrophied they were surprised to find, after dis- 
secting the organ from its bed in the thigh, that it had developed to 
normal proportions. 

Burdick and Coley stated that they have completed *137 cases for 
final analysis ; in 123, the results were excellent. The testis was normal 
in size and was lying free in the bottom of the scrotum. The scars 
in the region of the groin and thigh were the only evidences of a 
previously undescended testis. Their failures were due to technical 
errors ; sufficient care was not used in dividing all the fascial bands, or 
the vessels were not sufficiently mobilized to permit the testis to be 
sutured to the thigh without tension. In a few cases the scrotum was 
sutured to the thigh in a position which caused too much tension on 
the suture line, so that the scrotum became partly or completely separated 
from the thigh. Five testes sloughed; 2 of these were sutured to the 
thigh without tension, but the suture line became infected, and the 
scrotum separated completely from the thigh. This separation, added 
to the infection, undoubtedly caused the sloughing. The other 3 were 
sutured to the thigh under too much tension. Nine were reported to be 
atrophic, and in 3 there was complete atrophy. One patient was dis- 
charged with a testis almost normal in size, but a follow-up note received 
one year later stated that the testis had atrophied and could not be 
palpated. 



SCHOLL ET AL.—REVIEU' OF 


UROLOGIC SURGERY 


S.Sl 


Burdick and Coley concluded that failures by lorcks method ot 
orchiopexy can usually be attributed to some technical error. In tlicir 
hands, so far, the end-results have been superior to those which they 
obtained by the former methods ; they therefore do not feel justified 

in using any other type of operation. _ _ 

Coley « stated that among 80,736 cases of inguinal hernia in males 

observed at tlie New York Society for the Relief of the Ruptured and 
Crippled, he found 1,357, or 1.65 per cent, in which the condition was 
associated with undescended or maldescended testes. From 1890 to 1918 
operation had been performed m 4,453 cases of inguinal hernia of the 
male and in 334, or 7.5 per cent, of these cases the condition was asso- 
ciated with undescended testes. In the majority of these cases the 
condition occurred in children less tlian 14 years of age. inasmuch as 


in the earlier days adult patients with hernia were not admitted to the 
hospital. Of the 1,040 cases of hernia in adults in whicli operation was 
performed at die Memorial Hospital for the Treatment of Cancer and 
Allied Diseases by William A. Downes and by Coley, 49, or 4.71 per 
cent, were associated with undescended testis. The method of opera- 
tion adopted by W. T, Bull and by Coley in 1892 and 1893 was, 
practically, the Bassini operation. However, they omitted the step of 
transplanting the cord, thus adding inch (1.2 cm.) or more to its 
length. In addition, the cord was freed as high up as possible, and the 
bands of fascia, which usually made it possible to place die testis in 
the bottom of the scrotum, were divided. At about the same time, and 
quite independently, Bevan developed his operation for the undescended 
testis, which embodied the principles just described and had several 
additional features that were improvements over the method of Bull 
and Coley. One of these was purse-string sutures of the tissues just 
outside the external ring which prevented the testis from retracting into 
the canal or above the external oblique muscle. The second feature of 
Bevan's operation was the removal of a part or almost all of the veins 
of the cord. This naturally added to the length of the cord and to the 
possibilit)- of placing it at the bottom of the scrotum without much 
tension. Bevan himself restricted excision of the veins to very diffi- 
cult cases, and he did not use it as a routine operation. 

In 1908 Coley reported his end-results of operation in 126 cases 
of undescended testis. Ten years later he reported 365 cases of 
undescended testis in which operation was performed by Downes and 
himself at other hospitals, making a total of 415 cases. Twent}'-seven 
were of inguinosuperficial t)q)e and 8 of inguinoperineal ty^pej 149 
patients were traced from one to ttventy years after operation. While 
the results were, in their opinion, reasonably satisfactoiu',- they w'ere 
not ideal, s ince in a considerable number of cases the testis retracted 
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to the region of the external ring. There was no case of death or of 
recuirence of the hernia in the entire series. In reviewing the entire 
question, it seemed to Coley that it might be better to admit that the 
results obtained by the Torek operation are more satisfactory than 
those obtained by the older methods. At the same time he advised 
reserving the Torek method for the group of more difficult cases in 
which it is almost impossible to place the testis in the bottom of the 
scrotum without great tension and advocated that in the larger group 
of less difficult cases the Bevan operation, which has proved so highly 
satisfactory, be used. 

There is still some difference of opinion as to the proper age for 
operating. Many years ago, Coley adopted the plan of waiting until 
the patient had reached the age of 10 or 12 years, unless there was some 
special reason for earlier operation, such as hernia which was not easily 
controlled. He still follows this plan, although some surgeons advise 
operating on patients as young as from 5 to 6 years. Coley’s principal 
objection to the earlier operation is based on the fact that, in a con- 
siderable number of cases, the testis has descended of its own accord 
as the child has approached puberty. Some surgeons advocate removal 
of the undescended testis on the ground that it is of no special value. 
Although most writers regard it of no functional value there is no 
question but that the interstitial elements of the testis have an important 
bearing on the development of the male characteristics of the child, 
and for that reason Coley believes that the testis should not be removed. 
It is by no means true that the undescended testis is always function- 
less, He had 2 patients with bilateral undescended testes who married 
and had children. 

Bevan stated that the purpose of operations for undescended testis 
is to accomplish in the period required to perform the operation, pos- 
sibly in an hour, what nature does slowly and gradually in the normal 
descent of the testis in a period of weeks and months. Many men who 
have undertaken these operations have not had a complete conception of 
the anatomy or of the technic required to perform the operation suc- 
cessfully. It is absolutely essential that the operator should know that 
when freeing the testis it is necessary to remove completely from the 
cord the structures which surround the testis and the cord, namely, the 
intercolumnar fascia, the cremasteric muscle fascia and the infundibuli- 
form fascia, as well as to strip the cord completely of the vaginal 
process of peritoneum, Bevan has performed these operations in a large 
series of cases. He could not see any fair indication for complicating 
the operation of undescended testis with any scheme of suturing the 
testis to the thigh or of holding the testis down with traction sutures of 
any kind during the process of repair. 
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Before undertaking u’ork of this kind the surgeon should kno\v that 
there is a certain proportion of cases, possibU' 10 per cent, in iic i 
the organs are so poorly developed, the structures of the cord so short, 
or the testis so far up in the abdominal cavity, that it is impossible to 
bring the testis down and place it in its normal position by any method 
of operation. Some of these rudimentary testes arc best removed. 
Occasionally, when the cord is very' short ^ and the testis otherwise 
fairly normal, it may become necessary to divide the spermatic \csscls 
in order to lengtlien the cord sufficiently to place the testis in its normal 
position in the scrotum. Bevan seldom divided the vessels, and )et 
undoubtedly, in a limited number of cases, it is better to do this than 
to drop the testis back into the abdominal cavity or to remove it, because 
in a fair proportion of cases in which operation was performed in early 
life, even though the vessels are divided, the blood supply is sufficient 
to carry on the nutrition of the organ. If these testes are operated on 
when the patients are 5 or 6 3 'ears of age, which is probabU' the most 
favorable age, the operation can be performed very easih'; most of 
the testes can be brought well down. The time to operate in these 
cases is early, long before puberty. It does not do any good to operate 
after pubert}' except for the psj'chic effect and for the cure of associated 
hernia. 

Torek stated that it was quite natural that every surgeon should 
select the technic that appealed to him and the one he was most 
accustomed to employ. In regard to attachment of the scrotum to the 
thigh by a subcuticular continuous suture, Torek has always used the 
interrupted suture through skin and subcutaneous tissue, and he tries 
to obtain broad apposition of raw tissue; this is done by taking very 
little skin and a good deal of raw tissue in adapting the parts. He 
considered that in this operation just as in any operation, especially in 
plastic surger)', it is important to obtain a veiy' accurate apposition which 
leads to the most prompt and certain healing. Consequently, he has 
continued to use suture through the skin and subcutaneous tissue, and 
he has had no reason for deviating from this method of suture because, 
in his case, the scrotum has always remained attached. With the other 
method there were 2 cases in which it became loosened. Another point, 
not technical but fundamental, is the attachment of the testis to the 
fascia of the thigh, not by interposition of any other structure, but by 
direct attaclunent. The reason he considered this to be of fundamental 
importance is that, at least in the difficult cases, surgeons have to deal 
with a rudimentaiy' testis or with a very poorly developed one. These 
a ly developed testes usually have ver^' small and short vessels, so that 
probably they are not well nourished from their own vessels, and attach- 
ment to the thigh gives the testis a new supply of blood. It is possible 



884 


ARCHIVES OF SURGERY 


that addition of this supply from a new source has something to do with 
the fact that in all their cases the testes have increased in size. 

The matter of bringing both sides down at the same time has been 
mentioned. Torek admitted that there may be some cases in which 
this procedure is possible. However, he did not think that when sur- 
geons have to deal with an absolutety rudimentary scrotum it 
would occur to them to try that method, because there is not enough 
skin to go across from one side to the other. 

Lyle called attention to the fact that the pull to which the testis 
is subjected in the Torek operation seems to have a stimulating effect 
on the opposite testis. He cited one of his cases of bilateral undescended 
testis in which, during the first stage of the Torek operation, the opposite 
testis descended into the scrotum. Since then he has observed this 
phenomenon in 2 additional cases. Regarding the applicability of this 
operation to the abdominal testis, one of his assistants has successfully 
transplanted such a testis to the bottom of the scrotum in three stages. 
In the first stage the testis was brought to the pubis, in the second to 
the thigh, and in the third stage, to the bottom of the scrotum. In this 
position the testis had developed and appeared to be normal. 

Eggers stated that other methods of traction have the disadvantage 
of leaving a canal at the bottom of the scrotum through which infec- 
tion may enter. In children that is an important point. Torek's method 
is a closed one ; it is strictly surgical, and it is a very delicate operation. 
In children great care has to be taken in handling the organ; the 
surgeon must not be rough, and if this caution is observed the results 
are excellent. 

Eggers has performed the operation thirty times, and in all the 
cases the results were very satisfactory. There is a well developed 
pendulous scrotum, and the testis is situated at the lower part of the 
scrotum. In cases of bilateral undescended testes he always performs 
the operation in two stages because it has to be done carefully and 
it takes time, frequently as long as an hour and a half. There must be 
no undue tension on either the scrotum or the testis, and this is best 
accomplished by operating on one side at a time. The organs have a 
better chance to accommodate. At the first operation one testis is brought 
down; the next operation is performed about six months later, when 
the first side is separated and the other side is brought down. Tiie 
third operation consists simply of separating the second side. There 
is no definite period which should be allowed between operations. Eggers 
has found that six months is sufficient time to allow the organs to 
accommodate themselves to their new position. Retraction of a testis 
has never occurred. 

Gibbon^* emphasized two points which he considered of primary 
importance irrespective of the type of operation performed; 1. The 
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necessitv oi freeing the component parts of the cord 
tissues and from one another, whidi is the only way m which the tc. 
can be brought down without tension. Merc cross-section of the sac 
and high removal of the proximal portion is hut the first stop m the 
mobilization. 2. Preservation of the blood vesseds even the reins, 
because in applying ligatures the tiny but essential arteries mar >e 
included. On this point depend the future position and devclopineiil oi 

the testis. 

In his treatment of undescended testis Starr"" fiees the core am 
sutures the tunica of the testis to it with a silvei wire. Ihcn a ter 
the scrotum has been stretched, the testis is placed in the bottom of the 
scrotum. The two wires are brought out of a nick at the hottom of the 
scrotum, and each is turned transversely: two horsehair stitches catch 
it there, and a loop at the other end is then sutured b}' fine catgut to the 
periosteum in the os pubis. His results have been unusually good. 


Testicular Function . — Lower stated that the fact that structuic 
and function of the prostate gland are dependent on the endocrine 
activity of tlie testes is well known. Following castration the prostate 
gland becomes atrophic. Moore and his collaborators have demonstrated 
that the hormone extracted from the testis maintains the prostate gland 
in an apparently normal condition following castration. \ scries of 
e.xperiments performed by Lower indicated that preparations of the 
male sex hormone will prevent atrophy of the prostate gland and seminal 
vesicles in castrated rats. In the complete absence of the hypophysis 
preparations of the male sex hormone will prevent regressive changes in 
the prostate gland and seminal vesicles and also in the testes. Experiments 
with parabiotic animals indicated that the hyperactivity of the pituitary 
gland occurring in the castrated partner may be modified by injections 
of testicular mush. 


EPIDIDYMIS 


Infection. — Buckingham,^® in discussing nonspecific metastatic epi- 
didymitis, stated that bacteria may’ enter the blood stream from any focus 
during the course of infectious disease and may lodge in tissue and set up 
a reaction there. The end-result in any given case depends on the number 
of bacteria set free, the virulence, the susceptibility of the host and the 
specific localizing tissue. Because of its close embry’ologic relationship 
to the kidneys the epididymis tends to localize bacteria. Direct trauma 
P ay s an important part in the localization in the epididyunis. The con- 
c ition is seen most often during the course of respiratory’ infections. 
- ny s\\ elling of the epididyunis without evidence of involvement of the 
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genito-urinary tract indicates that infection has occurred by a metastatic 
route; thus a specific focus should be looked for and treated. After 
thirty-six hours of expectant treatment without benefit, incision and 
drainage should be performed in the acute cases and epididymectomy 
in cases of the pseudotuberculous type. 

SCROTUM 

Filariasis . — Young reported 5 cases of filariasis of the scrotum 
and groin, 4 of which are quite alike. One, an ordinary case of chronic 
epididymitis following cystoscopy, is presented as a contrast to the 
other 4 cases. The patient in this case came from the same locality in 
Colombia, South America, as the others, but he presented entirely dif- 
ferent lesions. The first 3 cases and the fifth, which are cited in detail, 
are remarkable in that the disease did not start in the testis, epididymis, 
vas deferens or vessels of the cord, but as a peritesticular or periepididy- 
mal disease. It was characterized by the ultimate formation of a dense 
mass of tissue, which in 2 cases had completely enveloped and compressed 
the epididymis without involving its tissues. 

From its point of onset in the coverings of the epididymis or testis 
the disease has always traveled upward outside the spermatic cord. The 
filariae and surrounding inflammatory tissue become more or less loosely 
attached to the external fascia of the cord, in some instances forming 
large, globular masses, and in others, very fine lines suggesting lymphatic 
structures with small, beadlike enlargements along the course of the 
lymphatics. The presence of enlarged inguinal glands has been noted. 

In none of the tissues removed has Young been able to find evidence 
of any ordinary bacterial inflammation, of tuberculosis, syphilis or 
malignant disease. The pathologic process was characterized particularly 
by the deposit or growth of large numbers of round cells, which ulti- 
mately had gone on to the formation of a marked fibrous sheath or 
covering. In some instances the tunica vaginalis was extensively involved, 
with adhesions to the testis, but the testis itself was free from disease, 
although in 1 case it was compressed and distorted by the fibrous 
tissue. The intrascrotal cord produced by the disease was characterized 
also by the presence of much vascularity, and around the walls of the 
blood vessels were numerous areas of round cell infiltration. These 
spaces might have been lymphatic channels, although in stained sections 
they were not seen to contain material, and nothing suggesting a large 
or small worm, larva or detritus resulting from the presence of a dead 
worm had been found. Nevertheless, it seemed evident that the disease 
was of filarial origin. 

47. Young, H. H. : Some Unusual Cases of Filariasis of the Scrotum and 
Groin, Tr. Am, A. Genito-Urin. Surgeons 26:120, 1933. 
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In the first case the numerous enlarged glands m various parts of 
the body of a man who had no evidence of syphilis were suggestive 
of filariasis. and in the second case, the presence of filariac in several 
members of the family, going back a generation or more, was ]iresumiv 
tive evidence that this disease was the etiologic factor, \oung stated 
that the condition may possibly be due to some process that has not 
been described before;* he based his statement on tlie facts that nowhere 
in the literature had he been able to find exactly the same conditions he 
found in tliese cases and that filariae were not discovered. 

Young believed that the disease is due to filariae, and that Onchocerca 
volvulus is probably the causative factor. His experience reveals that 
a radical operation should be performed in these cases, as the results he 
obtained have been very satisfactory. 


YAGIKAL STOXE 

Masson and AppelO^ stated that calculus of the vagina is a rare 
condition, only 20 cases having been described in the literature ; to these 
they added 2 more. This condition occasionally develops in association 
with vesicovaginal fistula, foreign bodies, stagnation of urine due to 
paraplegia and enuresis, calcified fibroid tumors which had migrated 
into the vagina and vaginal cysts. In some cases the cause was unknown. 
The stones were all composed of urinary salts, except those which were 
due to calcified fibroid tumors. 

The symptoms are urinary incontinence, pelvic and perineal pain 
and fetid vaginal discharge with occasional bleeding and d}'spareunia. 
The stone is usually felt in the vagina and is easily removed digitally, 
except in rare cases in which the vaginal orifice is contracted or com- 
pletely closed. In such cases some type of operation on the vaginal 
outlet is necessary. Removal of the stone and repair of the fistula, 
followed by irrigations of the bladder and vagina when indicated, usually 
give complete relief. 


URIXARY INFECTIONS 


Band, Dunlop and Dick^® reported the results of their studies of 
infection of the urinarj- tract from the pathologic, therapeutic and bac- 
teriologic standpoints. Band demonstrated the pathologic changes in 
the various types and stages of infections; acute pyelonephritis with 
resolution and with suppuration, paths of intraparenchymatous rein- 
fection, chronic pyelonephritis with suppuration and with fibrous tissue 
replacement of tubules and glomeruli and atony and dilatation of the 
pelvis and calices, and pyonephrosis. These are best illustrated by 
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“whole sections” of the kidney. Focal infection throughout the body 
may be followed by metastasis to the urinary tract. In 77 per cent of 
Band, Dunlop and Dick’s cases the infecting organism was Bacillus 
coli, and the large intestine was the principal source of infection. 

In a consideration of the descending infections it has been noted 
that, prior to their onset, there have been signs and symptoms of 
alimentary disturbance with evidence of renal irritation, albuminuria and 
an excess of oxalates, urates or phosphates, indicating a metabolic dis- 
turbance. It is suggested that the kidney is injured by a bacterial or 
chemical toxin prior to the onset of infection. This has been confirmed 
by experiments which show that, after inoculation of the blood stream 
with B. coli, pyelonephritis is not easily produced unless the kidney 
has been injured previously by a bacterial or chemical toxin. 

Ascending infections from the lower part of the urinary tract have 
been shown to occur through the wall of the ureter in the periureteral 
Ijnnphatic structures. It is doubtful whether ascending infections ever 
progress through the lumen of the ureter when the ureteral orifices 
are competent. 

Several factors contribute to the pyelonephritis of pregnancy. Pelvic 
and ureteral atony and dilatation from changes in the circulation and 
innervation of the pelvic viscera, including the pelvic portion of the 
ureter, may occur. The unknown toxins of pregnancy, which in addi- 
tion, produce renal irritation contribute to the condition. This combi- 
nation makes the kidney a fertile field for blood-borne infection during 
pregnancy. 

The care of infections in the urinary tract is modified by the con- 
tributing lesions and the stage and type of the infection. Chief interest 
lies in notoriously resistant, subacute, chronic and recurring pyelo- 
nephritis and cystitis. This stage has been arrived at as a result of : (1) 
the existence of a source of reinfection outside the urinary tract, (2) the 
presence of stasis within the urinary tract, whicli permits the organism 
to multiply and adapt itself to conditions there and (3) residual infec- 
tion in the renal parenchyma, which has been recognized as a localized 
area of congestion and small cell accumulation surrounding a dis- 
organized tubule. Such an area tends to remain active and unhealed 
while the circulation and drainage of the renal parenchyma are deficient. 

Particular attention should be paid to the alimentary tract as a source 
of infection in the care of infections of the urinary tract as a whole. 

In the direct attack on the urinary tract the object should be; (1) to 
encourage and aid drainage of the renal pelvis and (2) to increase the 
bactericidal qualities of the urine. The first is best accomplished by 
repeated pelvic lavag’c. The second is obtained by lowering' the pn ^ 
the urine by the ketogenic diet, using the ammonium salts and causing 
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diuresis by the ingestion of large quantities of water, so that the output 
of urine reaches 3,000 cc. in twenty-four hours. ^ 

One hundred and thirty-six cases of pyelocystitis arc analyr.cd as to 
the nature of the infection, sex incidence, average duration of sytuptotns 
and end-results. Twenty-three patients, or 17 per cent, were unimproved 
by tire ordinary methods of treatment, and this “intractable group u ere 
hospitalized and put on the ketogenic diet without other treatment. 1 he 
management of, and the results obtained in. this group are analyzed 
by Dunlop. He concluded that ketonuria has strong bactericidal power.': 
and that in tire future this diet may be used iir the trcatmeirt of 
intractable, chronic pyelocystitis. He also emphasized the drawbacks. It 
requires hospitalization, close clinical control of the patient and a compe- 
tent dietitian. Not all patients can take the diet, and it is not invariably 
successful, although it may be used when other nrethods have failed and 
may yield verj' successful results. 

Following bacteriologic researches to irreasurc the bactericidal prop- 
erties of ketonuria and to determine whether these properties are due to 
changes caused b}' the diet in the reaction of the urine or to sonre 
unknown antiseptic substance, Dick concluded that: 1. Ketonuria has a 
bacteriostatic effect, at least for the type of organism used. 2. Thi.s 
effect is not entirely due to an increase in the acidity of the urine. 
3. It is still sub judice whether a certain degree of acidity is essential 
for the production of this bacteriostatic effect. 4. Any evidence as to 
the nature of the active substance is, so far, only of a negative kind. 

Campbell,®® in discussing chronic pyuria of juveniles, stated that 
it usually indicates a potentially serious urologic disease. It is seldom 
due to uncomplicated infection in the urinar}* tract. The methods of 
diagnosis and treatment are identical for juveniles and for adults. The 
diagnosis can be made only by a careful, complete urologic examination. 
The treatment often requires radical surgical attack. By properly 
directed urologic treatment, a gratifying number of juvenile patients 
may be cured. A much larger number will be improved and tlie renal 
destruction greatly diminished or checked. Nearly all the others can 
be made more comfortable. Campbell is convinced that it is the duty of 
all urologists to bring these facts more forcibly to the attention of the 
medical advisers of the 3 'oung. 

McCarthy and Ritter discussed 293 cases which were referred for 
bacteriophage therapy. Bacteriophage was obtained in 112 of these 
cases. Definite data were secured in 69 cases, of which 43 n-ere 
excluded for the following reasons: It was found that results were 
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negative in 16 of the 69 cases ; patients were resistant after treatment 
m 3; symptomatic improvement was present in 24 (not bacteria-free) 
and symptomatic and bacteriologic cures were obtained in 25, or more 
than 36 per cent of the cases. 

Of 16 patients with staphylococcic septicemia, most of whom were 
cared for in other departments of the hospital, 6 have recovered fol- 
lowing treatment with bacteriophage, which is most unusual in so grave 
a condition. McCarthy and Ritter stated, however, that in a certain 
percentage of cases of apparent cure later cultures of the same or of 
other bacteria have been developed. 

HEMATURIA 

Debenham has analyzed 742 consecutive cases of hematuria among 
patients in the genito-urinary department of the London Hospital from 
1924 to 1930. He reported the findings under the following headings; 
(1) general consideration of the causes of hematuria, sex incidence, 
severity of the bleeding and common causes thereof ; (2) consideration 
of the various conditions giving rise to hematuria and relative impor- 
tance of evaluation of the main symptoms, and (3) consideration of 
the unexplained cases with results of the follow-up investigation. 

Only patients with gross hematuria were included in the study. 
Each patient was subjected to the various steps of a complete urologic 
study, as indicated by the objective findings. 

Cystoscopic examination is important during hemorrhage. From 
this study it was found that papilloma and carcinoma of the bladder 
are the most common causes of hematuria among men and that inflam- 
matory conditions of the urinary tract are the most common causes of 
hematuria among women. When hematuria is a presenting symptom 
among men, there is a 50 per cent possibility that it is due to papilloma 
or carcinoma of the bladder. Among women the cause is as likely to 
be inflammation as neoplasm. With hematuria as the only symptom 
in 65 men, there was a two to one chance that the condition was due 
to papilloma or to carcinoma of the bladder. Among women (10 
cases) the most common cause was renal calculus. In men over 50 
years of age the prostate gland is a common cause of hematuria. In 
130 cases of hematuria of men over 60, 43 per cent were suffering from 
papilloma or carcinoma of the bladder and 37 per cent from simple 
or malignant enlargement of the prostate gland. Carcinoma of the 
bladder is not infrequently associated with enlargement of the prostate 
gland; in some cases the symptoms are rather similar, and, unless cystos- 
copy is performed, the case may for a time be considered to be one 
of prostatic enlargement, and valuable time may thus be lost. 

52. Debenham, R. K.: An Investigation of Seven Hundred and Forty-Two 
Cases of Haematuria, Brit. J. Surg. 21:44 (July) 1933. 
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The common causes of hematuria in the dilterent decades of life arc 
<nveu on a chart. The conclusion is that hematuria is rare in the first 
L'o decades of life. In the second and third decades inflammatory con- 
ditions and calculi are the most common causes in both sexes.^ Neoplasm 
becomes the most common cause of hematuria among men in the fifth 
decade and in both sexes in the sixth decade of life. 

Carcinoma of the kidney is rare; it was the cause of only 2.S per 
cent of all the cases of hematuria (men, 3 per cent, women, less than 
0.5 per cent). 

Renal calculi not uncommonly cause hematuria, which may he almost 
or quite painless. 

The diagnosis of hematuria due to varicose vesical veins must he 
made nnth great caution, unless the bleeding is actually seen to be 
coming from a varix. 

In the 66 cases of unexplained hematuria, 49 patients were traced 
and the after-history discovered, and in 4 (S per cent) of these the 
patients reported that calculi had either been passed or removed. Thirt}'- 
three patients (67 per cent) were almost or quite well, further bleeding 
not having occurred. Eight patients (16 per cent) reported a recurrence 
of bleeding on one or more occasions. All were well or only slightly 
inconvenienced, except a man who had syphilis and who had become 
blind. Four patients (8 per cent) had died, 2 of acute pulmonar}’' con- 
ditions not connected with the hematuria, 1 of carcinoma of the pros- 
tate gland eight 5 "ears after his attendance at the hospital, and 1 of 
apoplexy. 

The most difficult cases to diagnose are those in which there are 
few S 3 mptoms other than the hematuria which has ceased by the time 
the patient comes to the hospital. Cases of unexplained hematuria fall 
into several different categories ; the prognosis is good if nothing abnor- 
mal can be found on full urologic investigation. 

AXESTHESIA 

Rovenstine reported a stud}'^ of spinal and transsacral anesthesia 
m cases of transurethral resection of the prostate gland, which is of 
value in further work for this surgical technic. Transurethral resec- 
tion of the prostate gland is a major surgical procedure so far as anes- 
thesia is concerned, and the same complications may be anticipated as 
those which occur when the gland is enucleated. 

Spinal anesthesia, with procaine hydrochloride skilfully administered, 
IS satisfactor}'. The complications rvhich are generall}'- recognized to 
contraindica te its use are involvement of the central nervous system 

d 3. Rovenstme, E. A.: Anesthesia for Transurethral Prostatic Resection A 
omparative Study of Transsacral and Spinal Blocks. J. Urol. 31 ;633 (May) 1934 
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turbidity of the spinal fluid, the presence of a lesion at the site of 
injection, a markedly diminished vital capacity or extreme variations 
from the normal blood pressure. Anesthesia with spinal block should 
not be permitted to affect intercostal activity. Advantage should be 
taken of methods to insure proper placing of the anesthetic solution in 
the lumbar region, namely, position of the patient, injection in the most 
caudal interspace accessible, slow rate of injection, an amount of diluent ' 
for procaine hydrochloride in the ratio of 1 cc. for each 100 mg. of the 
drug, and the important addition of dextrose to the solution of spinal 
fluid and procaine hydrochloride. 

The amount of procaine hydrochloride used in this series of spinal 
block operations was excessive. Doses of from 50 to 75 mg. are suffi- 
cient for more than an hour of anesthesia if properly injected, and 
more than 100 mg. should never be required. 

Transsacral block anesthesia with procaine hydrochloride and epi- 
nephrine gives satisfactory results. It requires skill on the part of the 
anesthetist and must be done completely in every case. The difficulties 
encountered are usually due to the wide variation of the sacrum in 
different persons. The shape and structure of the bone vary with 
individual characteristics of bodily build and from changes due to 
metabolic diseases. The total amount of solution needed depends on 
the time necessary for the operation. In this series too much was often 
used. In practically all cases a total of from 40 to 50 cc. of 1 per 
cent solution of procaine hydrochloride with epinephrine (1:1,000), 

5 minims (0.3 cc.) per hundred cubic centimeters, properly placed, 
suffices for two hours of satisfactory anesthesia. Contraindications to 
transsacral block, namely, a lesion at the point of injection and idio- 
syncrasy to procaine hj^drochloride, are fewer than with spinal block. 

In transsacral block it is imperative to delay the operation until the 
anesthetic agent has had at least twenty minutes to exert its action. 
Sacral nerves carry a layer of dura mater throughout their length 
through the sacral foramina, retarding the action of drugs and making 
for slow penetration. For this reason, and to allow the anesthetist an 
opportunity to observe the patient's reaction to procaine hydrochloride 
and epinephrine, the injection should be made slowly. Proper trans- 
sacral block cannot be accomplished in less than fifteen minutes, and 
more time should be allowed for safety. 

Preliminary medication was overdone in this series. The adminis- 
tration of derivatives of barbituric acid preoperatively is advantageous 
as a prophylaxis to toxicity caused by procaine hydrochloride, but their 
use night and morning is hardly warranted. A barbiturate at night 
and morphine or morphine combined with atropine or scopolamine 
hydrobromide were unnecessary in this group. Patients of the average 
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age in this series have a metabolism curve near the base line, require 
less psychic sedation and are more susceptible to hypnotic and to seda- 
tive drugs than the average, active person. A short-acting derivative 
of barbituric acid such as pentobarbital-sodium in small doses, 
grain (0.032 Gm.), given approximately thirty minutes before anes- 
thesia is started suffices in most cases. 

The anesthetic agents and the technic used in cases of transurethral 
resection of the prostate gland are not nearly so important in securing 
satisfactorv results as are the keen judgment, technical skill and experi- 
ence of the anesthetist. 

Hess stated that epidural anesthesia is ideal for operations on the 
kidney and upper part of the ureter when the general condition of the 
patient is such that other forms arc contraindicated or dangerous. It 
should not be used as a routine procedure, however. In bis c.xpericnce 
there haA^e been no postoperative complications from its use. A large 
percentage of the patients operated on complained of discomfort dur- 
ing the operation, but it is considered the safest of all procedures. 

Foulds and Douglas stated that the field of usefulness of spinal 
anesthesia increases in proportion to the familiarity with the method. 
The contraindications have diminished as experience with this type of 
anesthesia has been gained. Since ephedrine has been used as a routine 
the number of cases in which the fall in blood pressure has been 
alarming has been reduced to a minimum, and the contraindications to 
spinal anesthesia in hypotension have been removed. By selecting cases 
suitable for each drug the results have improved. Although procaine 
h}'drochloride in doses up to 150 mg. is suitable for operations on the 
lower part of the urinary' tract, untoward symptoms frequently follow 
the administration of larger doses for higher and longer anes- 
thesia. Such anesthesia for renal operation can be more perfectly' obtained 
with fewer unpleasant symptoms by' the use of nupercaine in doses up 
to 20 cc. of a 1 : 1,500 solution. The postanesthetic sequelae have been 
negligible and the postoperative complications fewer than with general 
anesthesia. Spinal anesthesia is considered by Foulds and Douglas to 

be the best choice in the majority' of operations on the genito-urinary' 
tract. 

Abeshouse stated that, in a period of forty months at Sinai Hospital, 
^ural anesthesia Avas used in 327 operations on the genito-urinary tract, 
ns series of operations included 27 resections of the prostate gland. 

Epidural Anesthesia in Urological Surgerj', J. Urol. 31:621 

31:«)V^(May) H. S.: Spinal Anesthesia in Urologj', J. Urol. 

^6. Abeshouse, B. S. : In discussion on Foulds and Douglas, == p. 615. 
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Twenty-four patients died following operation, an average operative 
mortality of 7.3 per cent. Only 1 operative death could be attributed 
directly to the spinal anesthesia. In this case the anesthetic was admin- 
istered during a suprapubic cystotomy and resection of a papilloma of 
the bladder of a man aged 46. On the third day after operation, signs 
of pneumococcic meningitis developed, and the patient died of menin- 
gitis and lobar pneumonia on the fifth day. The 24 cases in which death 
occurred in this series included those in which it occurred during the 
time of administration of the anesthetic or during the operation as well 
as those in which the patient survived the operation and did not die 
until some time later in his stay in the hospital. 

A preliminary dermal injection of ^ grain (0.048 Gm.) of ephedrine 
and procaine hydrochloride was used. The drugs emplo)>’ed in this series 
included procaine hydrochloride, nupercaine, p- 71 -biitylaminobenzoyl- 
df-methylamino- ethanol hydrochloride and a proprietary procaine prepa- 
ration. In the majority of cases, particularly in those in which the time 
of operation did not exceed seventy-five minutes, from 100 to 150 mg, 
of procaine hydrochloride was used. In cases in which the operating 
time was expected to exceed seventy-five minutes, 200 mg. of nuper- 
caine was used in the early cases. This drug was soon discarded in 
favor of 22 cc. (20 mg.) of />-jj.-butylaminobenzoyl-di-methylamino- 
ethanol hydrochloride because of the delirium which developed soon 
after anesthesia and which lasted from six to twelve hours in 3 of the 
cases. In Abeshouse’s experience, spinal anesthesia has proved to be 
excellent for operations on the genito-urinary tract. 

UROGRAPHY 

Mertz and Hamer stated that lateral pyelography is practical and 
can easily be performed on the ordinary x-ray cystoscopic table without 
added discomfort or risk to the patient. The renal pelvis and ureter 
can be satisfactorily visualized in the majority of cases. A study of 
the lateral pyelogram should include the vertical and anterior position 
of the kidney, the degree of horizontal and vertical rotation of the 
kidney, the outline of the pelvis as compared to that in the antero- 
posterior pyelogram and the course followed by the ureter. Mertz and 
Hamer stated that their cases have been too few to establish general 
rules of interpretation, but they believed that their experience vas 
sufficient to justify bringing the subject to the attention of others. 

57. Mertz, H. O., and Hamer, H. G. : The Lateral Pyelogram : An Investi- 
g-ation of Its Value in Urologic Diagnosis, J. Urol. 31:23 (Jan.) 1934. 
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Fig. 1.— A diagram of the method elaborated by E.xalto in 1911, which pro- 
duces ulcers with regularity. 



Fig. 2. — A Devine exclusion operation with an Exalto short-circuiting opera- 
tion which regularly produces ulcers. An entero-anastomosis opposite the gasfro- 
anastomosis releases the spasm and prevents the formation of ulcers. 
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findings have been erroneously quoted by some (McCann - and Mat- 
thews and Dragstedt=). 

In the last lew years interest in the etiology of peptic ulcer has been 
renewed, and manv investigators have used the typical Exalto technic 
or some modification of it. Jslany have been able to corroborate Exalto’s 
findings (J^Iann and Williamson, Ixy,^ Steinberg and Proffitt.® Mat- 
thews and Dragstedt= and others). Winkelbauer ‘ repealed Exalto’s 
experiments but du'ided the stomach in the middle, thus e.xcluding the 
entire motor part. The duodenal contents were diverted into the lower 
ileum or the colon (fig. 2). He W'as able to produce ulcers in ever} dog 
operated on in this manner. Steinberg ® used the same technic as 
Winkelbauer but diverted the duodenal contents /O cm. away from the 
gastrojejunal anatomosis. Definite chronic ulcers of the jejunum devel- 
oped in 75 per cent of his animals. Matthews and Dragstedt ” have 
demonstrated that ulcers of the jejunum are produced under certain 
conditions with regularit}' only if the duodenal contents are diverted into 
the colon or are prevented from finding their way back into the stomach 
by valve formation. This would offer a probable explanation as to why 
Steinberg was able to find only 75 per cent of ulcers in his animals. 

IVinkelbauer has made an attempt to study the relation of the spastic 
condition of the jejunum anastomosed to the stomach to the genesis of 
postoperative peptic ulcers. He utilized the method of Kreidel, who 
demonstrated on dogs that circular and longitudinal muscle layers can 
be removed from large areas of the stomach and intestine without 
apparent harm to the dog. The mucosa left after the muscle layers have 
been stripped off is sufficient protection against perforation. This pro- 
cedure is somewhat similar to the IVeber-Rammstedt operation for 
hypertrophic stenosis of the pylorus in infants. \Vinkelbauer used 
Exaito’s method of implantation of the duodenum in the lower part of 


2. 5IcCann, J. C; Experimental Peptic Ulcer, Arch. Surg. 19:600 (Oct.) 
1929. 

3. Matthews, )V. B., and Dragstedt, L. R. : The Etiologj' of Gastric and 
Duodenal Ulcers, Surg., G)-nec. & Obst, 55:265 (Sept.) 1932. 

4. Mann, F. C., and Williamson, C. S. ; The Experimental Production of 
Peptic Ulcer, Ann. Surg. 77:409 (April) 1923. 

5. I\y, A. C.; Factors Concerned in Determining the Chronicity of Ulcers 
m the Stomach and the Upper Intestine: Susceptibility of Jejunum to Ulcer For- 
mation; Effect of Diet on Healing of Acute Gastric Ulcers, Am. J. Surg. 11:531, 

6. Steinberg, AI. E., and Proffitt, J. C.: The Etiologi' of Postoperative Peptic 

T’ 25:819 (Nov.) 1932. ^ 

7- Winkelbauer, A,: Studien ueber die Verhutung des Ulcus oeotirnm 
peratn-um im Experiment, Arch. f. klin. Chir. 143:649, 1926. ^ 
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the ileum or the large bowel, excluding the motor part of the stomach 
similar to that suggested by Devine for duodenal ulcer (fig. 2). Winkel- 
bauer also stripped the longitudinal and circular muscles of the jejunum 
anastomosed to the stomach for a distance of from 15 to 25 cm. Only 
two of the dogs survived from thirty-four to seventy days. In none of 
the animals was an ulcer demonstrated. In our opinion these experi- 
ments did not prove anything conclusively, since a total of two negative 
findings may easily be considered as a mere coincidence. Nevertheless, 
we deemed the speculations of Winkelbauer of interest and importance, 
and extended and augmented his experiments in various ways. 



Fig. 3 . — An Exalto short-circuiting operation and an end-to-end anastomosis 
between the pyloric valve and the ieiunum. Ulcers formed regularly in from 90 
to 100 per cent of the experiments. No ulcers were found where the muscle layer 
was stripped (ff). 


EXPERIMENTS 

Type 1 . — Numerous investigators have diverted the alkaline duodenal contents 
into the ileum or the cecum, according to the method of Exalto, and anastomosed 
the jejunum to the pyloric r^alve end-to-end. Acute or chronic ulcers occurred 
with regularity (Mann and Williamson,^ I'T,® Steinberg and Profitf,® Matthews 
and Dragstedt® and others). Seven of our animals operated on according to the 
aforementioned method have survived from five to sixty-nine days, and acute or 
chronic ulcers of the jejunum developed in each. Using these seven animals as 
controls, we operated on another series of animals, diverting the duodenal contents 
into the ileum and anastomosing the pyloric valve to the jejunum, as in the control 
animals, but in addition we stripped the longitudinal and circular muscle of tlic 
jejunum for a distance of about 10 cm., beginning at the pyloric valve (fig. 3), 
By our method a narrow strip of muscle is left at the mesenteric border for the 
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preservation of the blood supply. Since the jejunum is anastomosed to the 5>ylorK 
valve end-to-end, before the stripping takes place, a small circular pa 
jejunal muscle is left intact near the pylorus. There also results a small tn. i g . 
area of jejunum covered by muscle near the mesenteric border at the gastrojcjunnl 
anastomosis. The stripping of the muscle is easily performed by splitting the 
muscle wall longitudinally with a knife and then separating it with the finger 
covered with gauze or by cutting over a spread mosquito forceps which is intro- 
duced between the muscle layers and the submucosa. Apparently no harm results 
from this procedure; the hemorrhage is easily controlled by the application of 
hot. moist .sponges. At postmortem examination hair mixed with debris was 
occasionally found in the loop stripped of its muscle. Tlic omentum conipleteU 
covered the jejunal area (fig. 5). 

Of several animals operated on according to the aforementioned method, ten 
survived from seven to seventy-six days. Eight dogs were observed for a period 



Fig. 4. — An anastomosis between a Pavlov stomach pouch and the ileum accord- 
ing to Matthews and Dragstedt. Ulcers formed in 100 per cent of the experiments. 
Xo ulcers occurred where the muscle was stripped (a). 


of from twenty-one to seventy-six days. In the control experiments in which the 
muscle was not stripped, this type of experiment produced ulcers in 100 per cent 
of the animals in about the same period of observation. In none of the ten dogs 
in which the muscle of the jejunum was stripped did any ulcers develop in the 
area ot the mucosa, where three fourths of the circumference of the longitudinal 
and circular muscles was stripped. In dog 145 there was a small chronic ulcer 
near the pyloric valve. The ulcer, however, was surrounded with a part of the 
jejunal wall, ,ts muscle layers intact (fig. 5). A small chronic ulcer also developed 
in dog I s the jejunum near the pyloric valve. This ulcer was also surrounded 
b.v the jejunal wall, with its muscle layers intact. A large ulcer wSTdeS 
^ w penetrating into the surrounding structures developed in dog 146 (ficr jv 
Is u cer began at the mesenteric border where the muscle lavers of the iebimim 
-ere intact and then penetrated into the neighboring mucosa wlet tL musTe 
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layers were stripped. The most interesting observations in these experiments were 
the finding of acute and chronic ulcerations in the jejunum exactly where the 
muscle layer began its normal intact course, or about 10 cm. from the pyloric 
valve (figs. 5 and 7). This is, according to our knowledge, the first time that 
such an observation has been recorded. It was also interesting to notice that the 
lumen of the jejunum where the muscle wall was stripped was larger than the 
part of the jejunum where the muscle wall was intact (figs. 5, 6 and 7). 

Dog 145 was observed for seventy-four days. We have already recorded the 
finding of a small chronic ulcer near the pyloric valve, but in addition there was 
a narrow ulcer about IS cm. long, beginning exactly where the muscle layer began 
its normal intact course and therefore separated from the ulcer at the pylorus by 
a distance of 10 cm. 

Dog 152 was observed for forty-eight days. In addition to a small ulcer near 
the pylorus, already recorded, there were two small chronic typical “kissing ulcers” 



Fig. 5. — gastro-anastomosis (a) between the stomach and the jejunum with 
an Exalto short-circuiting operation (fig. 3). The area between the arrows shows 
where the muscle layer was stripped from the jejunum. A small ulcer near the 
pyloric valve and two chronic “kissing ulcers” exactly where the muscle layer 
begins its intact course, or about 10 cm. from the pyloric valve, are seen. On the 
peritoneal surface (b) of the same specimen the omentum covers the area in which 
the muscle is stripped. 

in the mucosa located exactly where the muscle layer began its intact course, and 
therefore likewise about 10 cm. distal to the pyloric valve (fig. 5). 

Dogs T49 and 144 lived from seven to ten days. No ulcerations were found 
near the pjdorus or in the mucosa of the jejunum where the muscle was stripped. 
On the other hand, in each of the dogs, at a distance of 10 cm. from the pylorus, 
'exactly where the muscle began its intact course, there were acute defects. A 
narrow ulcer, 1 cm. in length, following a longitudinal course (dog 144, fig. 7) 
and a smaller "6iie (dog 149) were found. None of the ten dogs observed from 
seven to 'seventy-six days had ulcerations in the area in which the muscle was 
stripped. 
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ULCERS 


T,pc 2-Winkdbaucr formed a large Pavlov pouch and nuastoum.cd varmus 
pari d the small intestine to the pouch. He was successful m produemg an ulcer 
L the ileum, klatthews and Dragstedt have performed sumlar operations hut 
also diverted the passage of the intestinal contents from the anastomosis IkIwccu 
the pouch and the small intestine. Where the ileum was anastorno.^ed to the 



Fig. 6. — An anastomosis between the stomach and the jejunum, end-to-end with 
an Exalto short-circuiting operation (fig. 3). In this dog the ulcer occurred where 
there was still a little muscle left near the pyloric valve and penetrated into the 
jejunum which had been stripped of its muscle. This specimen shows the 
mechanical factor of the propelling peristaltic force of the stomach. 



Fig. 7.-~An end-to-end gastrojejunal anastomosis with an Exalto short-circuit- 
ing operation (fig. 3). The arrows point to the jejunum stripped of its muscle 
"a Is. A narrow superficial ulcer, covered by a diphtheritic membrane beginning 
exactly where the normal muscle layer starts its intact course, can be seen. 


pouch, ulcers resulted in every animal operated on in this manner. We have used 

Dragstedt in several animals and in addition 
of m ‘‘’^ longitudinal and circular muscle layers of the ileum for a distance 
cm. distal to the anastomosis (fig. 4). Several animals were operated on 
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in this manner, but only six survived from eleven to one hundred and fifteen days. 
In none of the animals did an ulcer develop where the muscle was stripped. Dog 
137 was found dead eleven days after the operation. The postmortem examination 
revealed two small superficial ulcerations in the ileum distal to the pouch where 
the longitudinal and circular muscle layers began their intact course. If we 
remember that Matthews and Dragstedt operated on six dogs in the same manner 
and found ulcers in each animal, our findings become interesting, since they com- 
pare well with the results of experiment type 1 recorded earlier, in which the 
muscle layers of the jejunum were stripped. 

Type J.— Again we wish to call attention to the fact that Winkelbauer operated 
on several dogs according to Exalto’s short-circuiting technic, diverting the duo- 
denal contents to the colon and excluding the motor part of the stomach, according 
to the method known in this country as that of Devine (fig. 2). Winkelbauer 
was able to observe ulcers in 100 per cent of these experiments. In twelve animals 
observed from nineteen to forty-three days, operated on by one of us (M. E. S.) 
according to the method described, large chronic ulcers formed in 75 per cent. 
These results were not as uniform as Winkelbauer’s and can be explained by the 
fact that the alkaline duodenal contents were not diverted into the colon but some- 
what higher into the small intestine. These twelve animals were used as control 
experiments. We then succeeded in keeping alive for from seventy-two to twO' 
hundred and twenty-five days four animals which were operated on in the manner 
already described. In addition, we performed an entero-anastomosis, according to- 
the method of Finney, opposite the gastrojejunal anastomosis (fig. 2). Our object 
was to release the spasm of the jejunum at the gastro-anastomotic opening. None 
of these four dogs, observed for a long period of time, had ulcers. One of the 
control dogs operated on according to Exalto’s short-circuiting method and 
Winkelbauer’s and Devine’s exclusion operation had a huge chronic, deep ulcer 
occupying the whole area of the jejunum anastomosed to the stomach. We formed 
an entero-anastomosis immediately distal to the ulcer. This dog was killed a 
month later ; at that time we observed that the deep crater, measuring 3 cm., had 
filled in and was in the process of epitbelization. 

COMMENT 

A brief summary of our data demonstrates that w^here the jejunum 
was anastomosed to the pyloric vah'e and the alkaline contents diverted 
away from the gastrojejunal anastomosis ulcers formed with regularity 
in each experiment. When the same procedure was used in ten dogs 
and three fourths of the circumference of the longitudinal and circular 
muscles was removed ulcers of the pylorus developed in only three 
animals. No ulcers were found in the part of the jejumim with the 
muscle layers denuded. In two dogs, in addition to the ulcer of the 
pylorus, there were definite ulcers exactly where the muscle began its 
intact course, or about 10 cm. from the pyloric valve. Again, in two 
other dogs no ulcers were found except where the normal muscle began 
its course, or about 10 cm. from the anastomosis of the pyloric valve. 

If one remembers that most of the experimental ulcers arise at the 
jejunum, separated from the pyloric valve by only 1 or 2 mm., tins 
observation becomes most interesting (figs. 5 and 7). 
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In the second series of experiments we anastomosed the ileum to 
the Pavlov ponch according to the method of Matthews and Dragstedt 
and stripped the muscle laj'crs of tlie ileum for a distance of ahoul 10 
cm. (fig. 4). Ulcers developed in only one of six animals. J his ulcer 
was found in a part of the ileum •with its musculature intact distal to 
the part of the ileum denuded of its musculature. In r ien of the find- 
ings of Matthews and Dragstedt. the absence of ulcers in our experi- 
ments adds support to the observations already recorded. 

Of four animals undergoing the Exalto short-circuiting oi>eration, 
exclusion of a large distal part of the stomach and also an entero- 
anastomosis opposite the gastro-entcrostomy. none had ulcers (fig. 2). 
Without an entero-anastomosis such a procedure produces ulcers in from 
75 to 100 per cent of experiments. The number of animals in the last 
series is small but nevertheless suggestive, particularly if wc consider 
that in the dog with the huge ulcer there were definite signs of healing 
following the entero-anastomosis near the ulcer. W'e have also observed 
that in most of our animals in which the longitudinal and circular muscles 
were removed in the jejunum or the ileum and subjected to the action 
of acid gastric juice the mucosa was pale in the area of the small intes- 
tine in which the muscle layers were stripped. Where the muscle layers 
were not stripped the mucosa was red and injected. 

In recent publications Steinberg and Proffitt ® and Steinberg ® have 
reported numerous experiments in which it was demonstrated that the 
corrosive action of acid pepsin in the presence of certain mechanical 
factors produces peptic ulcers. It was pointed out that the muscular 
pyloric part of the stomach propelling the acid contents may be responsi- 
ble for the actual localized trauma of the jejunum. An impediment in 
the form of a kink in the distal loop of the jejunum or a narrow gastro- 
intestinal opening favors the development of a jejunal ulcer. These 
procedures cause a delay in the emptying time and an increased acidity 
of the stomach contents. The ulcer found immediatety in front of the 
kink would also demonstrate that there is a direct mechanical trauma 
determining the location of the ulcer. In the same publication Dr. 
Steinberg has mentioned the fact that the spastic conditions of the small 
intestine may be directly related to the etiologic factors in the experi- 
mental production of peptic ulcers. The predisposition of the subject, 
based on the neurogenetic theories which may influence the degree of 
psychic secretion, and the motility of the gastro-intestinal tract were 
also mentioned. It was pointed out how difficult it is to estimate the 
chemical and mechanical factors in some of the experiments. 

In view of our findings in the present experimental rvork, how may 

we explain the absence of jejuna! ulcer where the muscle layers are 
stripped ? 
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Boldyref¥ ® was the first investigator to point out that no matter 
how high the degree of acidity in the stomach is, the duodenum will 
not tolerate an acidity higher than 0.15 per cent. Burget and Steinberg,^® 
Steinberg, Brougher and Vidgoi¥,^i and, lately, Elman have corro- 
borated Boldyreff’s work. Cannon has observed that acidity on the 
duodenal side will close the pylorus. AH these observations are impor- 
tant and suggest that when the acid is of a certain concentration the 
intestinal muscles contract and hold the acid until it is neutralized by 
some known or unknown factors. This speculation we are now follow- 
ing up by actual experimentation ; we hope to report on it at a later date. 
The intestine with its muscle stripped is not able to contract. "When acid 
of sufficent strength reaches the part of the intestine in which the 
muscle begins its intact course, a contraction takes place, and in a manner 
as yet not altogether explained a localized trauma takes place, producing 
an inflammation of the mucosa or an ulcer. 

In our present experiments it would be impossible to imagine a 
propelling force producing ulcers where the muscle began its intact 
course, since this part of the intestine was separated from the pylorus by 
10 cm. of jejunum with its muscle stripped and therefore lacking peri- 
staltic activity. In one of our experiments two small chronic “kissing 
ulcers” occurred exactly as we see them in the duodenal cap. Perhaps 
the lumen contracted in such a manner that it exposed two small areas 
of the mucosa to the acid pepsin. 

As already mentioned, when the muscle of the jejunum is intact most 
of the experimental ulcers are found immediately distal to the pylorus 
and separated from it onty by a narrow strip of jejunal mucosa. This 
may be due to the fact that the part of the intestine which first receives 
the acid holds it in check until it is partially neutralized and there- 
fore becomes harmless to the jejunal mucosa distal to the pjdorus. 
This may also explain why we found ulcers only where the muscle 
began its normal course and not distal to this area. It must nevertheless 

9. Boldyreff, W.: The Self-Regulation of the Acidity of the Gastric Juice, 
Quart. J. Exper. Physiol. 8:1, 1915. 

10. Burget, G. E., and Steinberg, M. E. : The Regurgitation of Intestinal 
Contents in Normal Dogs and Dogs with Posterior Gastro-Enterostomy, Am. J. 
Physiol. 60:308 (April) 1922. 

11. Steinberg, M. E. ; Brougher, J. C., and Vidgoff, I. J. : Changes in the 

Chemistry of the Contents of the Stomach Following Gastric Operations, Arch. 
Surg. 15:749 (Nov.) 1927. ; 

12. Elman, Robert : Acidity in Duodenal Ulcer and Pyloric Obstruction, Surg., 
Gynec. & Obst. 49:34, 1929. 

13. Cannon, W. B.; The Mechanical Factors of Digestion, London^ Edward 
Arnold & Co., 1911. 
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be mentioned that occasionally a few ulcers may be found a few centi- 
meters away from the pvlorus in the control experiments m winch the 
muscle walls are left intact. It is possible that our fmdmgs may partially 
explain the fact that Dragstedt and Vaughn ” were not able to pro- 
duce ulcers in most of their exi^erimcnts with parts of the intestine 
implanted in the stomach wall. Such a procedure would eliminate the 
abilit}^ of the implanted loops of the small intestine to contract and would 
produce a narrow lumen. Our observation does not exclude the possi- 
bility of the mechanical factors brought forward in a previous publica- 
tion (Steinberg and Proffitt;® fig. 6). 

In view of the theories of von Bcrgmann. Cushing and others con- 
cernins: the neurogenic factors related to the gastroduodenal ulcers, our 
findings become most interesting and significant. At this tune we arc 
not ready to enlarge on all of the factors which may determine the 
formation of an ulcer. The sequence of hyperniotility. spasm and degree 
of aciditr- are interrelated, and it is difficult to evaluate each factor 
separately. I^Iatthews and Dragstedt” introduced a valve into the 
pylorus and were able to produce ulcers in four of eight transjilants of 
intestine into the stomach. These investigators believed that it was the 
lack of regurgitation of the alkaline contents and therefore the height- 
ened degree of acidity which were responsible for the formation of 
ulcers. On the other hand, it is our opinion that a valve fixed at a 
pyloric opening will also act as a foreign body, causing irritation and 
hypermotility. A valve 20 cc. below the gastrojejunal anastomosis would 
also be responsible for the irritability of the gastro-intestinal tract above 
this artificial impediment. W believe that the factor of the degree of 
acidity is of great importance, but we also believe that spasm and hvpcr- 
motility are equally important. 


SUMM.VRY AXD COXCLUSIOXS 

Sixteen dogs operated on according to several technics which regu- 
larly produced ulcers failed to show evidence of ulcerations in the area 
of the jejunum, n-hich was stripped of about three fourths of its longitu- 
dinal and circular muscle layers. In three dogs ulcers developed in the 
jejunum separated from the pylorus by about 1 or 2 mm. of normal 
jejunal mucosa. In five dogs ulcers were found in the jejunal mucosa 
distal to the area stripped of its muscle, exactly where the intact layers 
of muscle began their normal course, or about 10 cm. from the gastro- 
jejunal anastomosis. The last obseiwation according to our knowledge 
has never been made before. 


Dragstedt, L. R.. and Vaughn. A. il.: Gastric Ulcer Studies; the Resis- 
ot \ anous Tissues to Gastric Digestion, Arch. Surg. 8:791 (May) 
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In four dogs with a large exclusion operation according to Devine 
and an Exalto short-circuiting operation, which regularly produce ulcers, 
ulcers did not develop when an entero-anastoinosis was made opposite 
the gastro-enterostomy. 

The modus operandi in our ex]}eriments which prevented ulcerations 
appears to be the release of spasm through the stripping of the jejunal 
muscle wall or through an additional entero-anastomosis opposite the 
gastro-anastomosis. Since in most of the experiments of the present 
series with the muscle layers stripped there waa- no vis a tergo, we 
believe that a certain degree of acidity depending on the particular area 
of the intestine causes it to contract until the degree of acidity is reduced 
to a certain strength. A prolonged contact of unneutralized pepsin with 
intestinal mucosa causes an ulcer, provided there is also present the pos- 
sibility of the narrowing of the lumen through spasm. This, however, 
does not exclude some of the other mechanical factors elaborated by 
one of us (M. E. S.). 

Our observations support the neurogenic theory as an important fac- 
tor in the etiology of ulcerations of the upper gastro-intestinal tract. 



MALIGNANT LYMPHOMA OF THE GASTRO- 
INTESTINAL TRACT 


A. C. PATTISOX. M.D. 

IOWA CITY 

Malignant Ijnnphoma is a neoplasm that arises from the lymjibatic 
tissues and is due to a proliferation of atypical cells of the lymphatic 
series. They extend not only locally and regionally, but often e\entuall\ 
to distant organs. Frequently they assume the forms of diffuse infiltra- 
tions, and some authors believe that in such cases a continuous Emphatic 
connection, including a retrograde process, can be demonstrated between 
the primary and secondary growths. Other forms are diiluse at the 
onset, and a definitely localized primary focus cannot ho ascertained. 
Changes in the circulating blood stream are cither absent or of no dif- 
ferentiating value, with the exception of a terminal leukemia seen in 
some cases. 

The lesions have been extensively classified, but recently there has 
been a tendency among pathologists to consider these various conditions 
as different manifestations of the same pathologic process. Thus, the 
term malignant lymphoma has come into use. 

There is one manifestation of the disease which is of special interest 
to the surgeon, and that is the group in which the primary nidus is 
well localized and metastases are only local or regional, though tenninally 
more distant extensions are occasionally seen. This type of malignant 
lymphoma is usually placed in the lymphosarcoma group. Since 1930, 
six such cases, all with localization in the gastro-intestinal tract, have 
come to operation in the surgical service at the University Hospital. 
A report of the six cases is the object of this paper. 

As will be noted in the reports, symptomatically the lesions are 
not characteristic, and a correct preoperative diagnosis was not made 
in anj" case. In cases previously reported in the literature, the age of 
the patients varied from to 85 years. As a rule the average age 
incidence is from fifteen to twenty years below that of carcinoma of 
the gastro-intestinal tract. However, because of the wide variance of 
age in both tj'pes of lesions, this point is of little value in arriving at 
a differential diagnosis. 

Pathologically, lymphomas differ from carcinoma in that the}' arise 
111 the submucosa and infiltrate the submucosa and muscularis. Ulcera- 
tion, though not infrequent, is often absent, and when it occurs, is due 
to necrosis from pressure and loss of blood supply rather than to neo- 
plastic invasion. 


Prom tVic Department of Surgen-, Universiw Hospital. 
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In the stomach, the lesions when first seen vary from a small, well 
localized nodule to a diffuse infiltration of practically the entire wall 
of the stomach. The wall may simply be thickened, which is the usual 
condition, or sessile and polypoid masses may obtain. Frequently, the 
tumors are situated in the antrum, but usually far enough from the 
pylorus that obstruction by tumor is uncommon. The cardia is rarely 
involved except in the diffuse lesions. The lesion most commonly occurs 
on the lesser curvature. Secondar}'^ lesions are common, and usually 
occcur in the form of local involvement of the regional l3TOph nodes. 
Extension to the liver is unusual. 

In the small intestine, the lower part of the ileum is most commonly 
involved, though lesions have been reported to occur in any part of 
the small intestine from the duodenum to the terminal portion of the 
ileum. The lesion maj' be diffuse, nodular, sessile or polypoid. The 
tumor, arising in the submucosa, earl)^ extends through and destroys 
the muscLilaris. Metastasis to the regional l}'mph nodes occurs early. 
Aneurysmal dilatation of the intestine at the site of the neoplastic 
invasion is frequent. This is due to destruction of the muscle fibers 
with resulting separation or to involvement of the submucosa, with 
subsequent effect on its plexus of nerves. Obstruction is not frequent. 
When it occurs, it is usually late in the disease and is due to pressure 
from the enlarged mesenteric glands or as a result of fibrosis, which 
may occur late in the disease. DeNo3'elles ^ reported a case of a polypoid 
malignant lymphoma protruding into the lumen and resulting in obstruc- 
tion. Partial obstruction occasionally occurs when a large segment is 
invohfed as a result of loss of peristalsis. Intussusception is fairly 
frequent, the tumor occupying the apex of the invaginated loop. 

In the large intestine, the lesions are similar to those in the small 
intestine, though the lumen is not often encroached on. The most com- 
mon site .of occurrence in this section is at the cecum, though lesions 
ma3^ also occur in any portion of the large intestine. One in this series 
was mistaken for carcinoma of the rectum. 

Results of the laboratory examinations are in no wa3' distinctive. 
The roentgen-ray diagnosis following ingestion of a barium sulphate 
mixture is usually carcinoma, though a diagnosis of gastric ulcer is 
sometimes made. In a fair number of cases the examination reveals 
no abnormalit3\ In the earliest stage, that is, when the submucosa alone 
is involved, the lesion does not interfere with the muscular function of 
the stomach. Ulceration of the mucosa is not an early pathologic change. 
Holmes, Dresser and Camp,= reporting eight cases studied roent- 
genologically, stated that they diagnosed only one case preoperatively, 
and in that there was peripheral involvement of lymph nodes, and one 

1. DeNoyelles, P. L. : Lymphosarcoma of the Intestine, Ann. Surg. 76:229, 
1922. 

2. Holmes, G. W.; Dresser, Richard, and Camp. J. D. ; Lywplwblastomn, 
Radiology 7 : 44. 1926. 
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of the nodes was taken for biopsy. Two of their cases showed a nonnal 
roentgenologic appearance. Observations on the remaining mx were, 
sluggish, irregular peristalsis which did not pass over the site of ic 
lesion; a filling defect, usually annular, and gastric stasis. In bnei, 
the roentgenologic appearance does not differ from carcinoma, except 
in some cases in which peristalsis is not interfered with to the extent 
usually seen in carcinoma of the stomach. Roentgen examination is 
of little value in the diagnosis of most lesions involving the small 
intestine, the patency of the intestine and the lack of early ulceration 
militating against a diagnosis. It has been suggested that an examination 
every one or two hours after the ingestion of a barium sulphate meal 
may aid by determining a temporary retardation of the flow of barium. 

REPORT OF CASES 

The patients in the following six cases were operated on in University 
Hospital. 

Case 1. — History. — R. I., a woman, aged 58, was first seen in the medical service 
of the University Hospital complaining of gas and heaviness in the stomach. Nine 
months before admission she noticed that she was becoming pale. There had been 
a gradual loss of weight in the preceding two months, from 98 to 90 pounds (44 to 
40 Kg.) , with considerable loss of strength. There was no history of hematemesis 
or melena. 

Physical examination revealed a thin, undernourished, asthenic woman. The 
heart and lungs were not remarkable. The blood pressure in millimeters of 
mercury was 130 systolic and 75 diastolic. The spleen was palpable. There was 
a rather indefinite abdominal mass, not tender, just above and to the left of the 
umbilicus. 

On laboratory examination the urine showed a trace of albumin. The blood 
count showed; red cells, 4,000,000 per cubic millimeter; white cells, 7,100, and 
hemoglobin, 65 per cent. The differential count was essentially normal. A frac- 
tional gastric analysis revealed no free acid until histamine was given, when it 
reached 10. The Wasserraann reaction was negative. Visualization of the stomach 
by means of a barium meal revealed evidence of a filling defect within the lumen 
of the stomach in the region of the pars pylorus which had a more or less 
loculated appearance, and suggested the presence of multiple polypi. 

-A. tentative diagnosis of gastric polj-posis was made, and after suitable pre- 
operative preparation an exploratory operation was performed on March 30. In 
the prepyloric end of the stomach was a mass about the size of a lemon. It was 
elastic and spongj-, and could be moved through a fairly wide excursion, though it 
did not extend down to the pyloric ring. There was no evident pathologic change 
in the wall of the stomach. There were many lymph nodes in the greater and 
esser omenta, the largest being the size of a liickory nut. Two were removed 
or microscopic study. The lower end of the stomach was then resected, a Billroth 
tedinic being used. The patient left the operating table in good condition. Soon 
louecer, she began to raise small amounts of blood. This was not controlled by 
giving blMd m the buttock. transfusion was given, but she did not rally and 
Qicd on .April 1. Permission for a postmortem examination was not obtained. 




Fig. 2 (case 1). — The resected portion of stomach. The arrows point to two 
sectioned lymph nodes. 





Fig. 3 (case 1). — section from the polypoid mass showing the numerous 
alveoli and tubules in the adenoma. Many inflammatory cells arc present in the 
supporting connective tissue. 



Fig. 4 (case 1).— In the wall beneath the adenoma are the invading neoplastic 
cells which are uniform and of the plasma cell type. Invasion into the muscular 
a>er, with separation of the fibers, is a prominent feature. 
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Microscopicallj' the polypoid mass revealed numerous alveoli and tubules 
embedded in a loose, vascular fibrous connective tissue. In the surrounding con- 
nective tissue were many plasma cells and some lymphocytes and eosinophils. A 
section through the wall of the stomach at the base of the mass showed marked 
infiltration of plasma cells, so great that in some places the structure of the wall 
was obliterated. Sections of the lymph nodes showed replacement of the normal 
architecture by plasma cells and a few small lymphocytes and endothelial cells. 
The diagnosis was adenoma of the stomach and malignant lymphoma of the 
stomach, with metastases to the regional lymph nodes. ' 

Case 2. — G. M., a man, aged 20, was first admitted to the medical service of 
the University Hospital complaining of pain in the upper part of the abdomen, 



Fig. 5 (case 2). — Following ingestion of a barium mixture this film, taken 
postoperatively, shows the functioning gastrojejunostomy stoma and a persistent 
defect in the region of the pylorus. 


vomiting and loss of weight. The abdominal pain began about one year before 
/ admission as a dull discomfort, present most of the time, but increased bj’^ eating. 
There had also been frequent vomiting after eating and a loss of 20 pounds (9 
Kg.). One year before admission, there was an injury with possible fracture of a 
vertebra and loss of sensation in the legs for forty-eight hours. 

Physical examination in the medical service and later in the surgical service 
revealed nothing relevant except tenderness over the first lumbar vertebra and 
slight rigidity and tenderness in the epigastrium. 

Laboratory examination revealed: red blood cell count, 4,900,000 per 
millimeter; white blood cell count, 7,600, and hemoglobin, 85 per cent. ic 
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differential blood count was normal. Urinalysis gave negaUye results A irac- 
tional -astric analysis revealed a slight hypo-acuhty, the high level of free . 
bein- 15 and the high level of total acid being 30. Examinations of stools revealed 
a poie Meyer reaction on two occasions. Visnalization ot the stoma b> 
means of a barium meal revealed a persistent niche on the greater cnrvaU.rc in tl c 
pyloric region, suggeshng a penetrating type of ulcer Films of the cnest, spine 
and colon were essentially normal. 

A positive diagnosis could not be made, the two major probabilities bang carci- 
noma of the stomach and gastric ulcer. It was decided to place the patient on an 
ulcer regimen for one month, and if no improvement occurred to perform an 
exploratory operation. This was done, the patient receiving no rchel from his 
sjTnptoms. 



Fig. 6 (case 2). — Infiltration of the submucosa with neoplastic cells and the 
displacement of the gastric glands were prominent features. Note that the gastric 
mucosa in this section is intact. The t>-pe cell of the neoplasm is the lymphocyte. 


At operation, on November 30, no lesion was found at first in the p 3 ’loric region 
to account for the roentgen-rar' findings. However, the entire wall of the stomach 
uas thickened and less elastic than normal. Along the greater curvature of the 
stomach several enlarged lymph nodes, one the size of a hazelnut, were found in 
t e mesenterj-. It was felt that visualization of the inside of the stomach was 
necessaiy to arrive at a conclusion, so a 2 inch (5 cm.) incision was made longitu- 
inally near the pylorus on the anterior wall. Both muscular and submucosal 
ajers were definitely thickened and inelastic, and a sensation of friabilitj- was 
o Gained. There were several large, irregular areas where the mucosa seemed 
o e ost or superficially ulcerated. In one or two areas there was heaping up of 
mucosa The roentgen-ray findings were explained on viewing the interior of the 
omach A small pouching had taken place at the site of the niche. This was 
ue to t le fact that a small area of the wall of the stomach was less involved than 
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the area surrounding it. A portion of the wall of the stomach was removed for 
biopsy, the incision closed and a posterior gastro-enterostomy done. 

Microscopic examination of the biopsy specimen revealed areas of ulceration of 
the mucosa. The submucosa was packed with cells of the 13'mphatic series, both 
adult and blast cells being noted. Mitotic figures were numerous. There was 
little stroma present. The gastric glands were practically completely replaced by 
the lymphatic cells, but the tissue seemed fairly well limited to the submucosa, the 
muscle layer showing only a slight lymphocytic infiltration. Sections of' the 
lymph nodes showed chronic lymphadenitis. The pathologic diagnosis was malig- 
nant Ij^mphoma of the stomach. 

The postoperative course was essentially uneventful. After receiving the 
pathologic report, a course of irradiation therapy was given, and the patient was 
discharged. He was seen again, three months after operation, at which time he felt 
much better, though he had vomited on several occasions. He had gained 20 pounds. 
Visualization of the stomach by means of a barium meal showed an increase in 
the size of the filling defect. The gastro-enterostomy stoma was functioning well. 
He was given a course of irradiation therapjc He next returned eight months 
after the operation. At that time there were no gastro-intestinal symptoms, and 
the patient was doing manual labor. Visualization of the stomach by means of a 
barium meal showed some regression in the size of the filling defect and a func- 
tioning gastro-enterostomy stoma. He was again given a course of irradiation 
therapy. He was last seen fifteen months after the operation, at which time he 
was in the best of health and had no complaints. The condition of the stomach, 
however, remained unchanged. He was given another course of irradiation therapy 
at that time. 

Case 3. — L. S., aged 4, was admitted to the surgical service of the University 
Hospital on Marcii 10, 1932, with a history of severe pain in the midepigastrium 
beginning on Oct. 13, 1931, which was accompanied by nausea and vomiting. On 
October IS he vomited continuously for two hours. He was given tincture of 
belladonna, with relief. Since then he had had frequent attacks of vomiting and 
cramplike pain in the upper portion of the abdomen, and at the time of admission 
the pain was nearly continuous. 

Physical examination revealed a fairly well developed and well nourished 
Mexican boy. The tonsils were moderately enlarged. There was a rachitic 
rosary. The abdomen was slightly distended. A mass about 10 cm. in length 
could be palpated, Ijn’ng transversely in the abdomen at the level of the umbilicus. 
There was slightly diffuse abdominal tenderness. 

Laboratory examination revealed ; red blood cell count, 4,600,000 per cubic 
millimeter; white blood cell count, 10,000; hemoglobin, 80 per cent and differential 
count, normal. Urinatysis gave negative results. Visualization of the large 
intestine by means of a barium enema and a si.x hour examination after the 
ingestion of a barium meal revealed evidence of an intussusception e.xtcnding 
nearly to the splenic flexure of the large intestine. 

He was operated on on March 11. An intussusception involving the large 
intestine and terminal portion of the ileum and e.xtending as far as the splenic 
flexure was found. The intussusception was reduced with ease. After reduction, 
a striking change remained at the ileocecal junction. Involving the wall of the 
terminal portion of the ileum was a band of firm, inelastic grayish-white tissue, 
about 1 inch (2.5 cm.) wide. This segment of the intestine was several times 
thicker than the wall proximal to it. The thickening e.xtcnded onto the wall ot 
the cecum toward the base of the appendix. In the terminal 3 inches ( .j cm. 








Fig. 9 (case 3). — ^The cellularity is well illustrated. Little stroma can be seen. 
The mucosa is ulcerated, but is intact in other areas. 



Fig. 10 (case 3).— The muscularis of the ileum is being invaded by the neo- 
plasm, with a separation of the fibers. The resulting loss of tone is a factor in 
the local dilatation of the intestine. 
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of ileum, what was thought to I)c a mass was felt in the lumen. .X re-ecti-m <n 
5 inches (12.7 cm.) of cecum ami 4 inches (10.1 cm.) of the termmnl portion 
of the ileum was done, and a lateral anastomosis made. 

On opening the ileum the portion thoiiplit to have heen a mass was found 
to be made up of nodular areas of thickening oi the suhmucosa. Areas oi ulcera- 
tion were present. In the region of the hand, the whole wall was firm, inelastic, 
grayish white and very cellular. Microscopically, the mucosa was nlceratcl tor 
the most part. Cells of the lymphocytic scries formed the base of the ulcer ami 
extended down into and through the muscular layer to the serosa. Mitotic figures 
were numerous. The cells were packed close together, and laid in a thin c<in- 
nective tissue stroma. Hie pathologic diagnosis was malignant Kmphonta of the 
ileum and ileocecal iunction. 

The boy had a fairly uneventful postoperative course, ami was diwharged on 
April 1. Although we requested his rctvwn he ditl not cotnc hack to the hospital. 
A letter from his father on July 10. 195.r. informed us that the hoy was itt 
excellent health and in no way appeared to he ill. 

Case 4. — J. C., a man, aged 23, had been admitted to the University llosjutal 
four times previously to his admission on June 2(>, 1931, ior control oi diabetes 
mellitus and removal of bilateral cataracts. He was admitted to the genito- 
urinary service complaining of a mass in the right side of the abdomen, first 
noticed in February 1931. At the time the mass was first noticed he was con- 
stipated, There was no pain, but the tumor was somewhat tcmlcr. In March 
1931, following his evening meal, he became nauseated, and diarrhea devcloi>ed 
which lasted for twenty-four hours. He had twelve watery stools, lie had no 
further discomfort following this episode, hut lie noticed that the mass became 
tender when he was constipated. A cystoscopic c.xamination revealed the tn.ass to 
be intraperitoneal, and it was thought to be in the hepatic flexure of the colon. 
He was then transferred to the surgical service. 

Physical examination revealed a well developed and well nourished white man. 
There was mild pyorrhea alveolaris. Both pupils were irregular and fixed in 
places, and both corneas were scarred. A mass, firm and freely movaiilc, was 
found in the right side of the abdomen. The lower margin was about two 
fingerbreaths above the crest of the ilium. It was somewhat egg-shaped, and 
could barely be felt posteriorly. On deep inspiration it moved 4 cm. downward. 
It was slightly movable in lateral and mesial directions. Fluid was demonstrable 
in the peritoneal cavity. 

Laboratory examination revealed; red blood cell count, 5,200,000 per cubic 
millimeter ; white blood cell count, 6,800, and hemoglobin, 80 per cent. Urinalysis 
and the IVassermann test gave negative results. Visualization of the large intestine 
by means of a barium enema revealed a marked irregularity and spasticity involv- 
ing the ascending colon. 

He was placed on diabetic management, and an exploratory laparotomy was 
performed on July 3. A moderate amount of clear straw-colored fluid was found 
m the peritoneal cavity. In the region of the cecum a mass the size of a large 
orange was encountered. This involved the terminal portion of the ileum for 

inches, as well as the cecum. The wall was tliickened and somewhat reddish. 

re mass involved the serosa of the cecum over one area tlie size of a silver 
quarter. Here the wall was firm and inelastic. There was some infiltration into 

le mesentery, but no involved lymph nodes were encountered. The lesion 
resembled chronic hyperplastic tuberculosis. A resection of the terminal ileum and 
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large intestine, up to the proximal 4 inches of the transverse colon, was performed 
and a lateral anastomosis made. 

On making an opening into the cecum, the mass was found to arise from the 
submucosa. The mucosa was ulcerated in certain areas. The muscularis was 
infiltrated, and the cut section of the tumor was grayish white and cellular. Same 
enlarged glands were found in the mesentery. Microscopica!l 3 % the tumor consisted 
of lymphoblasts packed closely together. Many mitotic figures were present. The 
stroma was scant. In one area, the neoplasm extended through the muscularis to 
the serosa. The mesenteric lymph nodes showed a similar replacement. The 
pathologic diagnosis was malignant lymphoma of the cecum, with metastases to 
the mesenteric lymph nodes. 

The postoperative course was complicated by cellulitis of the scrotum which 
extended up over the abdomen onto the chest wall. On July 23 the cellulitis was 



Fig. 11 (case 4). — High power photomicrograph showing the cellularity of the 
neoplasm. Only a small amount of reticulum is present. Numerous mitotic figures 
are present. 

apparently controlled. However, on July 27, spontaneous hypoglycemia developed 
which did not respond to therapy, and the patient died. Permission for a post- 
mortem examination was not obtained. 

Case 5. — B. R., a woman, aged 42, was admitted to the surgical service of the 
University Hospital on June 19, 1932. For six months she had noticed an 
increasing weakness, and had lost 20 pounds. Two months before admission she 
was seized by a severe cramping pain, beginning Just to the right of the umbilicus 
and radiating down to the symphysis and up beneath the right costal margin. 
Since theji, she had similar attacks every three or four days. Residual tenderness 
was always noticed in the right upper quadrant of the alidomen. For six weeks 
before admission she had also had several attacks of dull pain in the right upper 
quadrant which would radiate around to the back. She was occasionally nauseated, 
but never vomited. There was no jaundice or blood.v stools. 
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Physical examination rcvcalcti a well .Icvcloped i.nt einacatcl wli.te wontan. 
There was slight enlargement of the right lol.c of tlie thyroid gland. I here w.i- 
moderate spasticity of the entire right side of the nhdoinen. .X i*ali^nhle and freely 



Fig. 12 (case 5). — The structure of the lymph node has been replaced by neo- 
plastic tissue. 



Fig. 13 (case 5). — Photomicrograph showing e.xtension in the subrnucosa. The 
imicosa IS intact for a considerable distance over the tumor. 


mo\able mass was present in the right lower quadrant, which was slightly tender. 

We was slight tenderness in the region of the gallbladder, 
rnillim examination revealed : red blood cell count, 3,100,000 per cubic 

e er , white blood cell count, 6,700, and hemoglobin, 60 per cent. The 
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Wassermann reaction was negative. Visualization of the large intestine by means 
of a barium enema revealed a redundant ptotic colon. A cholecystogram revealed 
a nonvisualizing gallbladder. 

An exploratory laparotomy was performed on June 27. All the abdominal 
organs lay unusually low. The cecum was delivered through the incision. In its 
mesentery was a mass about the size of a tennis ball, which was made up of 
enlarged b^mph nodes. An intussusception of the distal ileum into the cecum was 
noted, and in the lumen of the cecum could be felt a mass, roughly globular, but 
irregular in contour and about 2 inches in diameter. A resection of the terminal 
portion of the ileum, cecum and ascending colon was done, and a lateral anastomosis 
made. All lymph nodes were thought to have been removed. There were some 
adhesions around the gallbladder, but when these were separated the gallbladder 
appeared to be normal. 

When the cecum was opened, the mucosa over the palpable mass was not 
ulcerated. On cut section it was grajdsh white and homogeneous. The mass 
seemed to arise from the submucosa, and did not appear to invade the muscularis. 
Microscopically, the neoplasm consisted of a compact, structureless, cellular 
neoplasm which involved the submucosa and invaded the muscularis. The cells 
were lymphocytes, and many mitoses were present. The lymph nodes showed a 
similar histologic picture. The pathologic diagnosis was malignant lymphoma of 
the cecum, with metastases to the mesenteric glands. 

The postoperative course of the patient was uneventful. She was not seen 
again until fifteen months after operation. At that time she presented no com- 
plaints and no evidence of a recurrence. Visualization of the stomach by means 
of a barium meal and visualization of the large intestine by means of a barium 
enema revealed essentially normal organs. The anastomosis was functioning well. 

The patient recently returned to the hospital (Sept. 15, 1934) in a much 
debilitated condition and with palpable intra-abdominal masses. 

Case 6. — E. E., a woman, aged 70, was admitted to the surgical service of 
the University Hospital on Dec. 29, 1932, complaining of pain in the rectum and 
bloody stools. She had always been well until April 1932, when she passed some 
bright red blood by the anus. This happened again the following July. Three 
months previous to admission she began to have pain with the passing of stools. 
There had been no change in the character of the stools. She had had hemor- 
rhoids for a number of j^ears. For the past year she had had a dull aching pain 
in the lower part of the back. She had lost 20 pounds in the previous year. 
There was a history of carcinoma of the stomach in the patient’s mother and 
carcinoma of a breast in one of the patient’s sisters. 

Physical examination revealed a fairly well developed and well nourished white _ 
woman, who was not acutely ill. There was bilateral middle ear deafness. There 
was a cauliflower-like mass about the size of a small fist in the rectum on the 
right. This was freely movable. 

Laboratory examination revealed : red blood cell count, 3,950,000 per cubic 
millimeter; white blood cell count, 9,500 and hemoglobin, 60 per cent. Urinalysis 
and the Wassermann test gave negative results. 

A diagnosis of carcinoma of the rectum was made. On December 31, an 
exploratory operation was performed through a left lower transrectus incision. 
The lesion did not extend above the pelvic floor, and no evidence of metastases 
was found, so a loop of the sigmoid flexure was brought out through the incision, 
the loop subsequentlj' being opened on Jan. 9, 1933. On January 24, she was again 
operated on, a perineal resection of the distal sigmoid flexure and rectum icing 
done. No evidence of invasion into the surrounding tissues was noted. Following 



Fig. 15 (case 6). — The edge of the ulcerated mucosa shown in figure 14. Alany 
mitotic figures are present in the bulk of the tumor. 
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this procedure, the patient progressed satisfactorily, except that there was a pro- 
fuse and foul discharge for a number of da}'^s. She was discharged from the hos- 
pital on February 15, with only a small amount of purulent discharge coming from 
the wound. She did not receive roentgen-ray therapy. 

On pathologic examination the mass did not present the cauliflower-like 
appearance noted on physical examination. This may have resulted from a regres- 
sion of the tumor following colostomy. The mucosa was ulcerated over the central 
portion of the mass. On cut section the tumor was grayish white and granular, 
and apparently invaded through the muscularis. There were numerous lymph 
nodes in the surrounding fat which appeared to be normal. Microscopically, the 
mucosa extended up part way along the neoplasm, and gradually faded out into 
the tumor tissue. The majority of the cells were round cells of moderate size, 
with an oval, violet-staining nucleus and a pale pink C 3 doplasm. The cells showed 
many mitoses. Scattered among them were b’mphocytes and many plasma cells. 
A few eosinophils were present. The tumor had invaded the outer muscular coat. 
The lymph nodes showed no evidence of neoplasm. The pathologic diagnosis was 
malignant lymphoma of the rectum. 

The patient has not returned to the hospital since the operation. However, a 
recent letter from her nurse stated that the perineal wound is still draining, the 
patient is rapidly losing weight and strength and is bedfast. 



SPASM OF THE ORBICULARIS OCULI IX 
LOCAL TETAXUS 


K. P. A. TAYLOR, M.D. 

HAVANA, CCIIA 

The ordinary development ot' tetanus in man comprises tome sprisni 
of the masseter muscles (trismus) with spreadin;^ to other gionps of 
muscles (descending tetanus). Occasionally the s])asm is initiated in 
the wounded limb and extends to the whole body (ascending tclamis) 
or remains localized in the affected member (local tetanus). Spasm oi 
paralysis limited to one or more muscles of the head may be. considered 
a variety of local tetanus.* 

In reviewing reported cases of local tetanus placed cm record prior 
to the AVorld War and occurring in civil practice. 1 ■ eiicoiintcrcd only 
four cases, of which I was doubtful ; " to this miinber 1 added a civil 
case of the monoplegic type developing in a patient who had not received 
prophylactic antitoxin. During the war the number of cases of local 
tetanus occurring in inoculated patients rapidly increased, causing an 
interest among French investigators reflected in the monograph by 
Courtois and Suffit-Giroux on abnormal forms of the disease. 'I'lie 
comparative frequency of local tetanus in military practice was ascribed 
by Etienne * to the neutralization of to.xin circulating in the blood stream 
by the prophylactic injection, with prevention of general manifestations. 
Francaise ° believed that the prophylactic injection was not always 
effective in forestalling the development of local tetanus, since it could 
not affect the toxin already combined with tissues of the nervous system. 
Chauvin ® also subscribed to these views. In the succeeding years of 

1. Rabinovich, G. B, ; Experimental Study of Local Tetanus and Its Special 
Form of Paralytic Head Tetanus, Klin. med. 10:213, 1932. 

2. Muller. G. P., and Taylor, K. P. A.; Local Tetanus, Ann. Surg. 74:110 
(July) 1921. 

3. -Axhausen. L. ; Ueber lokalen Tetanus beim Menschen, Deutsche Ztschr. 
. Chir. 78:265, 1905. Demontmerot, M.: De la forme paraplegique dans le tetanos 

cbromque, These de Paris, 1904. Von Esau. F. : Ein Fall von lokalem Tetanus 
der Hand, Deutsche med. Wchnschr. 36:706, 1910. Jacobsen, N., and Pease, H. 
■■ The Serum Therapy of Tetanus, .■Knn. Surg. 44:321 (Sept.) 1926. 

4. Etienne, G.: Tetanos partiels essentiels, Paris med. 29:91, 1918. 
c. Francaise. H. : Tetanos localize, Paris med. 29:255, 1918. 

6. Chauvin, E. : Les tetanos localises des membres, Presse med 26 -zq:: 
(June 10) 1918. ’ 
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the war, the ratio of cases of local tetanus to those of general tetanus 
became progressively higher. Bruce " attributed this increase to the 
more widespread use of the prophjdactic injection and to more frequent 
recognition of mild and obscure cases. 

Ashurst ® pointed out the similarity between local tetanus and the 
“experimental” tetanus which had long been observed to follow the 
injection of relatively nonvirulent organisms into the limbs of animals. 
He attributed local tetanus to an ascent of toxin to the spinal cord, 
creating an arc of lowered threshold in the affected area. The toxins 
of more virulent infections were thought to be conveyed to the cord 
by the blood, affecting the shorter nen^es supplying the muscles of 
mastication, the neck and the back. I assume that local tetanus develop- 
ing after the prophylactic injection of antitoxin is the residuum of what 
would have been a virulent generalized infection had the preventive 
dose not been given. On the other hand, local tetanus occurring without 
proph3dactic injection is probably the counterpart of the usually mild 
“experimental” tetanus. The following case and the previous case 
reported by me occurred in nonimmunized persons. 

REPORT OF A CASE 

T. S., a white sailor, aged 42, was admitted to the Anglo-American Hospital 
in Havana on Oct. 20, 1932. He complained of spasm of the right eye and 
difficulty in separating his teeth. Seventeen days before, he had cut his scalp 
against sea bottom while diving in the harbor at Kingston, Jamaica. The lacera- 
tion had been sutured, but medical attention had npt been sought since the day of 
the injury. Ten da 3 ^s later partial closure of the right e)'e was noted; this was 
followed by stiffness of the masseter muscles. On examination it was observed 
that the right palpebral fissure was narrowed by a spastic contraction which could 
not be relaxed and that the right corner of the mouth was slightly elevated. The 
incisor teeth could be separated about H inch (0.64 cm.). In the right frontal 
region was an encrusted, infected scalp wound, 8 cm. long, apparently healed by 
serum oozing from its lower end. The sutures were removed and a wet dressing 
applied. The temperature was 99 F. The tendon refle.xes were not e.xaggerated, 
nor were there other significant phj'sical findings or data from the history. There 
was no evidence of a present or preceding cellulitis of the scalp or forehead. 

A presumptive diagnosis of local tetanus was made, and 5,000 units of antitoxin 
was administered intraspinally and 10,000 units intramuscularly. Both doses were 
repeated on the following day, and thereafter 5,000 units was given intramuscularly 
every six hours. The spinal fluid was normal cytologically and serologically. 
The roentgen appearance of the cranium was normal. 

7. Bruce, D.; Analysis of One Thousand Four Hundred and Fifty-Eight 
Cases of Tetanus. J. H 3 ’g. 19:1 (July') 1920. 

8. Ashurst, A. P. C. : Report on Tetanus, Arch. Surg. 1:407 (Nov.) 1920. 
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The patient’s ccncral ami local cotulition remained unchanKcd. The wound on 
the scalp appeared to be uniformly healed. Hecause of the failure of the facal 
spasm and trismus to respond to treatment it was l>elieved tliat tltc wound har- 
bored tetanus bacilli. Accordingly on Octol)er 24 the wound was incised under 
local anesthesia. Beneath the pcricr.aninm of its anterior margin a collection of 
thin pus was encountered. The entire wound was swahhed with phenol, lightly 
packed and left open. Unfortunately no culture was made. 

On October 28. both the facial spasm .and the trismus were virtually alwlishcd, 
the patient being able to open the afTected eye widely (fig. 1 />!, The dose of anti- 
toxin was reduced to 10,000 units daily, and on Xovember 1, its administration uas 
discontinued and the patient discharged in satisfactory condition, with the wound 
on the scalp healing by second intention. 



Fig. 1. — A, spasm of right orbicularis oculi seven days after onset, before the 
beginning of treatment. B, ability to relax orbicularis after completion of anti- 
tetanic serum therapy. 


TREATMENT 

In this instance, 10,000 units of antitoxin was given inlratbecallv 
and 180,000 units intramuscularly. It is probable that similar results 
could have been secured by the administration of a smaller quantity of 
antitoxin. However, the uncertain prognosis of cephalic tetanus indi- 
cted the large dosage. It is doubtful that cure would have resulted 
lad the site of infection not been surgically exposed and phenolized; 
f lis fact emphasizes the value of phenol as originally stressed by Bacelli 
and recently by Bates.® The latter believed that 7,500 units intraspinally 
and a total of 40,000 units intramuscularly, given on the day of diag- 
nosis, would suffice as well as larger doses. The problem of dosage 
mmains unsettled, many observers believing that in severe cases of 
generalized tetanus cure has been effected by heroic doses (a total of 

9- Bates, C. O.; Treatment of Traumatic Tetanus, Am. J. Surg. 18:58, 1937 
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200,000 or more units). Not even these large quantities can be depended 
on to arrest the disease in all cases. Slimon,^® for example, reported 
a case of cephalic tetanus with facial paralysis in which treatment was 
started on the day of initial symptoms. A total of 300,000 units was 
administered intravenously and intraspinally before a fatal outcome on 
the eighth day. In Grant’s case 160,000 units was employed, with 
recover}'-, in a patient aged 7 years. 

INCIDENCE OF LOCAL TETANUS 

In contrast to four cases reported before the World War, I have 
assembled reports of sixty-two cases recorded since 1921. Seventeen of 
these involved an extremity and forty-five, the head. An analysis of 
these cases is not attempted (see bibliography). 

In general it may be said: that local tetanus is not exceedingly 
uncommon in civil practice; that it occurs with or without prophylactic 
inoculation, and that in peripheral cases the prognosis is fair, and in 
the cephalic t3'pe, guarded. In diagnosis, hysterical contractions and 
paralysis due to injury of cranial or peripheral nerves present the main 
difficulties. The case reported here showed tonic spasms of the right 
facial nerve distribution, with contracture of the orbicularis oculi and 
levator anguli oris. This phenomenon is in contrast to sluggish con- 
tracture of the upper eyelid observed by Danzer in complete facial 
paratysis. It should be recalled that tetanic spasms may be intermittent 
or, as in this case, continous and without relaxation. In addition, it is 
recognized that insufficient!)^ treated local tetanus may become general- 
ized. Andrewes believed that in all local cases exliibiting trismus the 
patient should receive intraspinal treatment, whereas most writers are 
now in accord that all patients should receiA’C at least one intrathecal 
injection. The most significant experimental investigation of local 
tetanus, that of Ransom, pointed to the predominance of the direct 
action of tetanus toxin on muscle fibers in producing and maintaining 
contraction. EA'idence Avas presented, howeA'^er, Avhich indicated that the 
action of toxin on the central nerA’Ous s}'Stem played a minor but 
indispensable role in establishing the circuit of spasticity. 

10. Slimon, J. G, ; Tetanus Complicated bj' Facial Paralysis, Brit. M. J. 
2:200 (July 30) 1932. 

11. Grant, R. L. T. ; Kopftetanus, M. J. Australia 2:512 (Oct. 22) 1932, 

12. Danzer, M. ; Characteristic Sign in Facial Nerve Paralysis, J. A. M. A. 
99:1416 (Oct. 22) 1932. 

13. AndrcAves, F. W. : On the Intrathecal Route for the Administration of 
Tetanus Antito.xin, Lancet 1:682 (Maj^ 5) 1917. 

14. Ransom, S. W.: Local Tetanus: A Study of Muscle Tonus and Con- 
tracture, Arch. Neurol. & Psychiat. 20:663 (Oct.) 1928. 
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SUMMARY AXn CONXUUSIO.VS 

1. A case of local (cephalic) tclamis with recovery is reconled. 

2. The comparative frequency of this condition is indicated hy the 
large number of cases reported since the \\ orld \\ ar. 
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\N UNDIFFEREXTIATED Ml'LLERlAX DUCT 
IX A MAX 

AN UNUSUAL CONGENITAL ANOMALY AS A Cf'M I’LUrATloN 
OF AN INGUINAL IIEKNIA 

JA^[ES HARRY HEYL. M.H. 

NVAV YORK 

This case of a persistent miillerian duct is reportod for its enibrjo- 
logic interest and rarity. That this anomaly occurs is now well known. 
However, this case merits recording, as only one identical ca.^e has 
appeared since, and to the best of my knowledge, none preriousl}. 
While I cannot he dogmatic in my intcr]>relation, 1 feel justified in 
the belief that this case showed the jicrsistencc of an uiiflilTerentiated 
miillerian duct in an adult male. 

Several years ago this strange aimormality was encountered hy the 
late Dr. Charles H. Pock in the course of a routine ojicratinn for a 
recurrent inguinal hernia at the Roosevelt llosjntal. My interest was 
revived by the report of a similar case three years later hy Dr. Rudolph 
Matas, in the Surgical Clinics of North Antcrica. 

Dr. Peck granted me permission to secure new pathologic sections 
from the original tissue. I discussed the sections with the late Dr. 
G. S. Huntington. He agreed with me that, judging hy the position 
and histolog\-, the anomaly might be a persistent mullcrian duct. He 
did not feel, however, that the possibility of an accessory vas deferens 
could be ruled out, as he had encountered one some time previously. 
A drawing of the dissected specimen is appendctl. Xo other report 
of such a case could he found. 

Several reported diagnoses of persistent mullerian ducts were proved 
to be erroneous. With one exception the structures were accesson' 
ureters of an unusual type. Their retention under that title has resulted 
in much confusion in current literature as to the etiologr' of accessory 
ureters. This confusion is inexcusable in view of the e.xcellent work 
done in this field, notably that of the late Dr. Huntington. 

In the absence of other cases of persistent mullerian ducts of similar 
Ape, it is necessar)>^ to establish the possibility here formulated, briefly 
to review the subject of the persistence of the mullerian duct in the 
male in the lesser and more complete stages of differentiation. 


REPORT OF .A CASE 

An unmarried man, aged 32, entered the Roosevelt Hospital in April 1910 in 
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The history was not noteworthy except for an attack of gonorrhea in 1908 
and a previous operation at another hospital on Aug. 8, 1911, for right inguinal 
hernia and “acute h 3 'drocele.” He %vas discharged from that hospital as cured 
on September 12, with the history of a wound infection and swelling of the 
testicles. 

The hospital records of this operation were scanty and inaccurate. The 
operative findings were described as “a double acute hydrocele with edematous 



Fig. 1.— Except for the added length of the anomaly, this illustration from 
Dr. Matas’ case would suffice for Dr. Peck’s. “The ‘diverticulum is represented 
as it presented itself on opening the hernial sac, as a part of the spermatic cord 
in a congenital hernia.’’ (Reproduced from Surgical Clinics of North America 
[2:1155, 1922].) 


thickened tissues and a left hernia." Elsewhere the hernia was correctly described 
as right. The history mentioned a recent painful swelling of the testicles, and 
this condition was mentioned also in the report of the physical examination. The 
operative treatment of the hydrocele was not mentioned; the history suggested 
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Fig. 2.— Low power photomicrograph showing cross-section of wall of duct. 
Xote the large caliber of blood vessels, especially in the submucosa, and the 
thick muscular wall. The rectangle at the mucosal surface shows the site of 
llie high power photomicrograph. 


nioderate-sized elastic mass, which descended into the scrotum when the patient 
coughed or strained. I found no other abnormality except scattered rales at the 
ba ses of the lungs, which were attributed to chronic bronchitis. Xo feminine 
characteristics were noted. 


932 


ARCHIVES OF SURGERl 


The patient was operated on on April 17, 1919, by Dr. Peck under nitrous 
oxide-ether anesthesia. A medium-sized sac was readily found; it was dissected 
free, transfixed, ligated and divided at the base. With considerable difficulty 
the vas and cord were dissected free and isolated from a large tubular structure. 
The vas was found to be severed at one point, the cut ends being separated about 
54 inch (1.27 cm.) and buried in scar tissue. Further dissection revealed a 
normal pampiniform plexus and a large thickened, tubular structure, parallel 
to the other structures of the cord, ascending from the middle of the inguinal 
canal through the internal ring and palpated to the base of the bladder. This 
anomaly was carefully dissected from the other structures. It ended blindly at 
the distal end. Its diameter was about one-half inch and was uniform as far 
as it could be traced. It was thick-walled and hollow, and filled with a mucinous 
secretion, like the white of an egg. This structure could not be identified at 



Fig. 3. — High power photomicrograph of the wall of the duct, showing the 
mucosa and submucosa. The epithelium and type of glands are seen in greater 
detail. 


the time, but as it appeared to have contributed to the hernia and its recurrence, 
it was ligated and divided as high as possible, and the proximal stump was 
dropped back in the pelvis. The vas was left beneath the internal oblique muscle. 
The remaining structures of the cord were transplanted. The closure was 
made in the usual modified Bassini manner, with transplantation of the pampini- 
form ple.xus. 

Except for considerable swelling of the right testis the patient’s convalescence 
was uneventful, and he was discharged as cured in May 1919. Every effort to 
trace him after his discharge was futile. 

The microscopic examination of this remarkable structure was extremely 
interesting. It proved to have an internal lining of mucous membrane. This 
consisted of high columnar epithelium, with an occasional simple, tubular, gland- 
ular arrangement. The glands c.xtended a short distance into the basement mem- 
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brane, consisting of connective tissne in a nctvv.,rk arn.ngc.na.t ^ 

few Ivmphoid cells and an occasional poly, nor, dionnclear lenloHjte. i.uuath^ 
mucosa was an arrangauent of tissue in bundles running in var.ons d,rect.o,,s. 
Tins thick laver had undergone a marked hyaline degeneration, nn.l from .ts 
arrangement was prohahly nmscnlar. The nmeosa was well s,„,,>hed wnh hlood 
vessels, and there were large vessels in the <leeper I,i>trs. 


^rAT.\s’ <:.\st: 


i^Iatas’ case is rcinarkably siittiltir : 


A man was operated <in for hernia. He had had no j)re\ions ojieratice inter 
vention. The report of the oiterntion is as follows ' ; 

“The most interesting feature of the oj>crntion at this stage was the appear- 
ance of a long tubular mass which bulged jiromiuciitly into ihe hernial sac and 
extended the full length of the spermatic coni. It began about one inch above 
tire epididymis, extending u,i\vard as a comjmneni of the spermatic cor<l into the 
inguinal canal, and beyond the internal ring, tbcnce backward and dowinv.ird, 
following the course of the vas deferens to the base of the bladder, where it was 
apparently lost in the right seminal vesicle and prostate. It was entirely c.xtra- 
peritoneal, but most intimately .adherent to the ,>osterior layer of the sac. which 
was extremely thin, making it difiicult to detach it from the underlying cojn- 
ponents of the cord. 

“This anomalous mass was first seen projecting ihrongh the thin trnnsincent 
posterior layer of the sac, and had the appc.arancc of a long narrow sausage. 
At first it was taken to be a chronically inflamed spermatic plc.xus. enlarged 
and indurated by thrombophlebitis. On further investigation .'itid dissection the 
enlargement of the cord was found to be due to the presence of this anomalous 
structure or organ which could not be identified with any of the normal com- 
ponents of the cord. It was blended and fused most intimately with the va.s 
deferens, and the vessels of the cord were displaced and bound together behind 
It. An incision was made longitudinally into it and parallel with its long axis. 
This at once opened a hollow tube wliich, beginning about one inch from the 
testicle, ran along the cord to the level of the internal ring where it disappeared 
in the retroperitoneal connective tissue. A no. 10 (English) soft rubber catheter 
"as introduced into the lumen of the tube and it traveled easily and without 
resistance beyond the internal ring, a distance of seven or eight inches where 
It met with a resistance and would go no farther. No fluid or secretion of any 
sort escaped from the catheter when it was withdrawn, showing that the abnor- 
m^ canal was not a diverticulum of the bladder as bad been suggested. Only 
a ong string of clear glair}' mucus followed the extraction of the catheter. 

The extra-abdominal part of the diverticulum from its blind terminus in the 
scrotum up to the level of the internal ring was fully 3)4 inches in length, about 
tie thickness of the little finger and formed a distinct, well-lined, glisten- 
’Oa mucus canal of a bluish white color. The mucous canal easily admitted a 


^ Congenital Right Inguinal 
ExtPna: • Diverticulum or Prolongation of the Right Seminal Vesicle 

North Scrotum as a Component of the Spermatic Cord, S Clin' 

-vorth America 2:1155, 1922. ' 
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no. 12 E. catheter, and was wrapped up in a thick, easily differentiated muscular 
coat covered by an areolar layer, which together gave the wall of the tube an 
even thickness of at least inch. With the finger introduced into the peritoneal 
cavity through the hernial canal the outline of this tubular cord could be easily 
traced over the peritoneum and followed to the base of the bladder. The same 
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Figure 4 

Fig. 4. — Accessory vas deferens into whicli injections of mercury have been 
made (illustration supplied by the Anatomical Museum of the Columbia Cni- 
versity College of Physicians and Surgeons). 

Fig. 5. — Mullerian and wolffian ducts. 


impression was conveyed when the diverticulum with the attached vas deferens 
was followed as far as the finger could reach into the pelvis through the peri 
vesical extraperitoneal space.” 
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COMMKNT 

Matas was unable to find a similar case in llie literature, lie cnii- 
cluded that the most likely explanation tor the anomaly was that a 
seminal vesicle had been carried down throntjh the ini^umal canal with 
the descent of the testis. 1 requested a section for histologic study, hut 
unfortunately, owing to a removal of the hosiiital. no sliiles or histologic 
report could be obtained. 

Hypothetically, there apjiear five reasonable ]iossihilities . 1 . 1 ,) an 
anomaly due to a previous operation or hy<lrocele. ( 2 ) a diierticuium 
of the bladder, (3) a seminal vesicle. (4) an accessory vas deterens 
and (5) a persistent miillerian duct. 

1. The larue size of the auomalv and the identification of a norm.il 
vas in the operation rule out its artiticial production hy operatue 
intervention or occlusion of tlie vas. 1 he patient in Matas case bad 
not previously been operated on. It is impossible to conceive ol a 
hydrocele of the cord giving a gross or microscopic picture such as 
that illustrated. 

2. Diverticulum of the bladder may be excluded on the basis of 
the histology as well as the inability at the time of the operation to 
demonstrate a connection with the cavity of the bladder. 


3. The seminal vesicle might descend with the testis, as was sug- 
gested by Jilatas in the discussion of his case. The histology, however, 
is somewhat ditterent from that of a seminal vesicle, nor have I fouiul 
a satisfactory' basis for such an abnormality on cmbryologic or 
phylogenetic grounds. The seminal vesicles arise in the embryo as 
lateral diverticula budding from the caudal end of the woiflian ducts 
in the same location in which they are found in the later and final 
stages of development. At no time do they come into intimate con- 
tact with the testis. It is difficult to sec how the descent of the testis 
could influence the position of the abnormality ; nor is there an\' other 
developmental reason for its appearance in the inguinal canal. - 

4. As is shown in the accompanying illustration (fig. 4), an 
accessory vas deferens might be present, branching off near the pros- 
tate and paralleling the vas. As far as can be determined, no such 
condition has been described in the literature, although this anomaly 
was known to the late Dr. Huntington, who dissected the specimen 
illustrated. He also possessed a corrosion specimen obtained from one 
of the lower animals of the lizard group, illustrating the phylogenetic 


2. (o) Huntington. G. S.: The Genetic Interpretation and Surgical Sig- 
Pti'Ta''? Some \ ariations of the Genito-Ur inary Tract, Harvev Lecture 
Mall n p Company, 1906-1907, p. 235. (&) Keibel, F., and 

Company, ipio-mT"' Embryology, Philadelphia, J. B. Lippincott 
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grounds for this anomaly. He had encountered several cases in the 
dissecting room. The extreme rarity of the anomaly is probably due 
more to the failure to search for it than to its infrequent occurrence. 
It is a condition to bear in mind in operations for sterilization, or 
in injury or disease of the vas deferens. On examining the slide, Dr. 
Huntington did not feel that there was sufficient evidence for exclud- 
ing this possibility or that of a persistent miillerian duct. It is perhaps 
worth noting that the accessory vas illustrated is smaller than the nor- 
mal vas, whereas the anomaly is much larger. 

5, One hypothesis is left, which I believe to be the most probable 
explanation for this unusual structure, namely, a persistent rniillerian 
duct, although I concede the remote possibility discussed in the pre- 
ceding paragraph. One is immediately struck by the similarity of the 
epithelium of the structure to that lining the uterus and tubes. The 
glandular arrangement is similar to that of the fundus uteri. The large 
blood vessels and thick muscular coat also support the analogy. The 
hyaline degeneration strengthens the belief that this is a rudimentar}- 
or nonfunctioning organ. Its anatomic position is also in accordance 
with this hypothesis. 

Its location and relationship correspond with the present knowledge 
of the development of the miillerian duct. It is generally acknowledged 
b}'- embryologists that the nonpedunculated hydatid which is found 
near the upper pole of the testis represents the remnant of the cephalic 
end of the miillerian duct, while the utriculus prostaticus located near 
the middle of the posterior surface of the prostate represents the 
caudal end of the miillerian duct in the male. Assuming its persistence, 
it would follow that the descent of the testis would carry the duct 
into the position occupied by the anomaly. An analogous condition 
in the female is that of an indirect inguinal hernia in which the ovary 
has descended through the enlarged canal of Nuck into the labia 
majora, carrying the cephalic end of the tube with it. The tube in 
such a case represents the differentiated miillerian duct. 

Eight cases were found in the literature under the title of 
persistent rniillerian ducts. Investigation reduced these to six: (1) 
Boogard’s,® 1876, which was described by Pouchet;-* (2) Barth's,® 

3. Boogard, J. A.: Persistencie der Miillersche gangen bij een wasscn man, 
Verhandl. d. k. Akad. v. Wetenach, Amsterdam 9:266, 1876. 

4. Pouchet, G. : Persistence du canal de Muller chez riioninie adiilte, J. 
d’anat. et de physiol 13:200, 1877. 

5. Barth, AI. : Anomalie de developpement de I’utricule prostatique ; pcrsis- 
tance de I’organ de Muller du cote droit, en forme de poche divcrticulaire pas- 
sant sous la vessie : soulevement de la muqucuse vesicale formant \alMilc (rctcn 
tion d’urine; dilation consecutive des ureteres et hj’dronephrosc double), Bull. 
Soc. anat. 53:483, 1878. 
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1879 , tlie subject of papers by Rcmy'’’ and Moutard-Martin (3) 
Ord’s,® 1879; (4) Reliquet’s,'’ 1887; (5) Nicolicli s.'” 1905, and 
(6) 5.1artin’sd^ 1878. The first five can be disaissed under the same 
head, as they are* similar except for unessential details. All were 
found at autopsy and all mere in males from childhood to middle age. 
Some were bilateral, and others unilateral. In every case the ducts 
arise from a body situated above the upper pole of the kidney; they 
parallel the ureter and are attached below the ureteral orifice and 
bladder in tlie region of the verumontanum of the urethra, a definite 
communication being noted in some of the cases with the urethra at this 
point. This anomaly resulted in an obstruction near the neck of the 
bladder which caused hydronephrosis and uremia and which was the 
direct cause of death. No microscopic studies were reported of any 
of these cases. Boogard noted that the upper end of the canals had 
remained in relation with the kidneys and had not followed the testicles 
in their migration.^ Pouchet * and Rcmy ^ argued from that that the 
nonpedunculated hydatid was not a remnant of the mullerian duct. 
Remy ® had found the hydatid in its usual position on the testis on the 
same side as the duct in the case of Barth. The verdict of time, how- 
ever, has prescribed the origin of the nonpedunculated hydatid. 
Pouchet’s argument that these ducts could not be ureters because they 
were not connected with the kidneys and emptied into the urethra has 
likewise been proved erroneous. Ord noted that the body above the 
kidney “had the structure of a renal organ with evidence of con- 
traction and degeneration.” ® Reliquet at first considered his case to 
be one of an accessor}' ureter, but was led to reverse this belief bv 
Duval, who was familiar with the case of Barth.^ One is immediately 
struck by the similarity to a rare but well known type of accessory 
ureter with an accessory kidney to which the}- conform in ever}' respect. 
The embryologic basis for this type of ureter was explained by the 
late Dr. Huntington in the Harvey Lecture of 1906, delivered at the 

6. Rem}-, C. : Sur I’utride prostatique et les canau.x de iluller chez Thomme, 
J. d’anat. et de physiol. 15:175, 1879. 

7. l\Ioutard-Martin, R. : Cas de persistance du conduit de Mtiller avec 
anomalie de developpement de I’utricle prostatique chez un enfant de six ans, 
Bull. Soc. anat. de Paris 54:529, 1879. 

8. Ord, W. Ivl.; Malformation of the Genital Organs of a Man with Per- 
sistence of One of the Ducts of Muller, M. Times & Gaz., London 2:654, 1879. 

9. Reliquet: Persistance du canal de Muller. Hydronephrose du rein et 
de luretere droit. Pyelonephrite calculeuse du rein gauche trw hvpertrophie 
Progres med. 5:205 and 230. 1887. 

10. Nicolich, G.; Persistance de conduit de iluller, Assoc, franc d’urol 
Proc. verb. 8:580, 1905. 

11. Martin, E.; ^Memoire sur un cas de persistance des canaux de Muller 
.1. d'anat. et de physiol. 14:21, 1878. 
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New York Academy of Medicine. He described it as a complete 
reduplication of the ureter and vesical termination of one duct, while 
the other duct empties, in association with the ejaculatory duct, into 
the prostatic urethra. The case of Nicolich, the last to be reported, 
was presented before the Association frangaise d'urologie in 1905. 
Dr. J. Albarran, who was present, objected to the diagnosis of Nicolich, 
pointing out in the gross specimen the similarity of the duct to the 
ureter; the cortex of the accessory kidney, which Nicolich had believed 
to be a congenital gland, presumably an ovary. It is also signifi- 
cant that no similar cases have been reported as showing persistence 
of the mullerian duct since that time. On these grounds I feel justified 
in denying the authenticity of these cases as instances of mullerian 
ducts. 

The case reported by Martin was that of a 7 or 8 month fetus, 
with an enormously distended bladder, no trace of urachus or urethra, 
an imperforate anus, no vaginal canal or genital glands and two tubes 
running from the region of the kidneys to the bladder, parallel and 
internal to the ureters.^’- The undeveloped external genitalia were 
suggestive of the female. If one accepts the assumption that these tubes 
are miilleriaii ducts, one would also be justified in assuming that this 
was a female fetus, as otherwise it was entirely sexless. In any case, 
the monstrosity does not come within the confines of this paper. 

In the absence of identical cases, it becomes necessary briefly to 
review the question of hermaphrodism. 

It will be recalled that at an early stage of fetal life every person 
is potentially bisexual. The primitive genital glands of both sexes 
arise in the genital ridge. Two tubular structures appear on both 
sides — the wolffian duct and the mullerian duct. In the male the 
gland at an early stage develops into the testis. The vas deferens, the 
seminal vesicles and the epididymis are formed from the wolffian duct. 
Normally the mullerian duct atrophies and leaves only vestigial remains, 
namely, the canals of Rathke, the nonpedunculated hydatid and the 
prostatic utricle. The nonpedunculated hydatid, when present, is found 
on the testicle and represents the remains of the cephalic end of the 
mullerian duct ; the prostatic utricle near the center of the posterior 
surface of the prostate represents the caudal end.-*' 

In the female the mullerian ducts of the two sides fuse at the 
lower end and eventually form the upper part of the vagina, cervix, 
corpus uteri and fallopian tubes. The remnants of the wolffian ducts 
are represented by the canals of Gartner, the longitudinal canal of the 
organ of Rosenmuller and the hydatid of Morgagni.-'' 

Hermaphrodism is a subject of m\lhs and early art of almost all 
races from the earliest times. The ear^ reported cases were bitterl) 
contested, and every possible and some impossible objections ucrc 
voiced against any one so rash as to report a case. In 1896 Blacker 
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and La\Yrence '■ reported n case and reviewed Iwentx -eight c.ises, of 
which they considered Heppner s hilatcrai case, and Ol'olensVc) s and 
Schmorl’s unilateral cases and their own case as proved, lllackei .nul 
Lawrence’s slides were reviewed hy two eminent ])athologists, who 
agreed that the patient was not a herma])hrodite. hut. ]>arodoxicail\ . 
one claimed that it was undeniably a female, while the other consideied 
that it was a male. To Simon must go the credit for placing tlie 
diagnosis oir air indisputable footing and ending the controversy for 
all time. He reported a case of Ganc and reviewed the cases of 
Salen and of Blacker and I.mwrcnce. which he accepted without reser- 
vation; the three cases mentioned earlier were acceptable to him with 
some reservations.’ “ Since Simon’s report many more cases have been 
added. 

True hermaphrodism in the sense of functional glands of both 
sexes with accessory organs has never been reported in any vertebrate, 
although it is not uncommon in the lower forms of animal life. J here 
is some unknown controlling factor which prevents the coincidental 
development of functioning glands of both sexes in a single person. 
One might apply the old definition of a jioison to hermaphrodism : 
Ever}- one or no one is a hermaphrodite, it being a question of degree. 

The so-called true hermaphrodism of Klebs ” is based on the find- 
ings of glands of both sexes, identifiable microscopically and morpho- 
logically, in one person. These glands may be bilateral or unilateral, or 
the two may be incorporated together in an ovotestis. 'I'he ovotestis is 
interesting surgically from the occasional tumors arising in the non- 
functioning gland. 

In addition to the glandular hermaphrodites, many cases arc 
reported of tubular hermaphrodites. For example, a jierson ma}- have 
the glands of one sex and at the same time bear the tubular accessory 
structures of both sexes. These persons are usually termed tubular 
pseudohermaphrodites. Obviously, the glandular and tubular hermaphro- 
dites may be combined, which gives the nearest approach to an actual 
hermaphrodite. Even in these combined cases the sex may be deter- 
mined, if one can ascertain rvhich of the glands are functioning. 

The pseudohermaphrodites again vary from the completely differ- 
entiated structures of the opposite sex to an approach to the vestigial 
remains which are normally found in most persons. 

kJ!,' Lawrence, T. W. P.: A Case of True Unilateral 

mdiUsm with Ovotestis Occurring in Man, with Summary and Criti- 

1896, 38 ^ 265^189?^'^ Hermaphroditism, Tr. Obst. Soc. London, 

Hermaphroditismus versus, Virchows Ardi. f. path. Anat. 
wald^ mf^’ der pathologischen Anatomic, Berlin, A. Hirsch- 
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I shall limit the consideration to the male pseudohermaphrodite 
with the persistent miillerian duct. The cases reported by Simon and 
many others since that time have shown that an ovary and the com- 
pletely differentiated miillerian duct may exist in an otherwise normal 
male. Many cases have been reported of males with persistence of the 
miillerian duct in the completely differentiated state without ovarian 
tissue. This has been described as a predisposing cause of hernia. 
Many of these cases were discovered through the finding of these 
derivatives in a hernial sac. 

Duse collected fifteen cases of masculine pseudohermaphrodites 
with persistent differentiated miillerian ducts associated with hernias, 
and LaHaye added seven more in 1920, with an interesting resume on 
the subject of hermaphrodism.^® 

There is a wide gap between this condition and the condition which 
has been described as an enlargement of the prostatic utricle. These 
vary from a scarcely perceptible enlargement of the utricle to a condi- 
tion in which one or two small, short tubes or solid strands of tissue 
arise from the enlarged utricle. A case reported by Young and Cash 
is representative of this group.^^ 

I believe that Dr. Peck’s and Dr. Matas’ cases are an intermediate 
and connecting link between the two types of male pseudohermaphro- 
dites described earlier. In the lower animals a similar condition has 
been reported in moles, beavers and frogs. I prefer the term “per- 
sistence of the undifferentiated miillerian duct in a male’’ to distinguish 
such cases as ours from the other types of persistence, as they form a 
distinct clinical entit 3 ^ 

It would be expected that cases such as ours would occur numerically 
in an intermediate position between the instances of differentiated 
miillerian duct and the cases of enlargement of the prostatic utricle, 
as these approach the normal state. I can account for the disparity 
of reported cases onty on the basis that practically all of the male 
pseudohermaphrodites with the differentiated female accessory struc- 
tures are reported, owing to the easy recognition of the condition and 
its dramatic possibilities, and that cases like ours are not reported. If 
m 3 " diagnosis is correct, I should expect that more cases will be reported 
in the future. There is nothing in the histologic picture which would 
not fit this h 3 'pothesis. 

15. Duse, A. : Utero masculino erniato con distopia traversa del testicolo 
sinistro, Clin. chir. 18:1597, 1910. 

16. LaHaye, P. : Reflexions au siijet d’un cas d'iiermaphroditismc tubulairc 
masculine interne, Theses de Paris, 1919-1920, p. 29. 

17. Young, H. H., and Cash, J. R.: A Case of Pseudo Hermaphroditismus 
Jblasculinus, Showing Hypospadias, Greatly Enlarged Utricle, Abdominal Testis, 
and .Absence of Seminal Vesicles, J. Urol. 5:405 (^^ay) 1921. 
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As both of the cases descrihccl were discovered in the course f)f 
repair of hernias, hernia seems to he a predisposinji factor in tlie 
causation of the anomaly, ll is also interestini; to note that the treat- 
ment adopted by two master surgeons was the same, althougli neither 
had seen a similar condition. The recurrence in our case was probably 
due to the failure to excise the anomalous structure at the first operation. 


COXCLU.SIOXS 


1. The cases described I believe to be instances of undiflcrcnliated 
persistent niiillerian ducts in adult males, though 1 admit the remote 
possibility that the anomalies are accessory vasa deferentia. 

2. The cases reported to show persistent mhllcrian ducts, with one 
exception, proved to be cases of accessory ureters and accessory 
kidne3'S. 

3. This condition is a predisposing cause of hernia. 

4. The proper treatment, if these anomalies occur with hernia, is 
excision to prevent recurrence. 

5. A link is added between the enlarged prostatic utricle and the 
differentiated mullerian duct. 

6. A case of an accessory vas deferens is cited with illustration. 


Note. The late Dr. Charles H. Peck permitted me to report this case, and 
Dr. James I. Russell renewed this consent. The late Dr. George S. Huntington 
assisted in the investigation, and Dr. A. R. Stout reviewed the histology. Mr. 
Frederick Kraus made the translation from the German. 



ANOMALIES OF INTESTINAL ROTATION AS A 
CAUSE OF INTESTINAL OBSTRUCTION 

REPORT OF TWO PERSONAL OBSERVATIONS ; REVIEW OF ONE 
HUNDRED AND THREE REPORTED CASES 

CLARENCE E. GARDNER Jr., M.D. 

AND 

DERYL HART, M.D. 

DURHAM, N. C. 

In the practice of abdominal surgery a clear conception of the 
various possibilities of derangement of intestinal rotation and fixation 
is essential. Anomalies in position of the intestinal tract may. exist 
without sjuiiptoni and manifest themselves incidentally at operation. 
Because of the bewildering disposition of the viscera the operation 
may be unnecessaril}' prolonged or the ultimate object abandoned. Under 
other conditions, because of the abnormal position of the cecum, a 
patient with acute appendicitis ma)'’ be watched until perforation has 
occurred. Of greater importance to the surgeon, however, are the 
forms of intestinal obstruction secondary to torsion or kink, dependent 
on abnormalities of intestinal rotation and fixation. Since many of 
these obstructions are chronic and date from birth, and since the surgeon 
usually sees the patient only in consultation, it is equally important for- 
the internist and the pediatrician to be familiar with this characteristic 
clinical picture. 

The occurrence in our practice within one month of 2 cases of 
volvulus of the entire mesentery secondary to anomalies of intestinal 
rotation and fixation and the appearance of frequent reports of similar 
cases in the literature of recent years make it evident that the condition 
is more frequent than is generally accepted. It is the purpose in this 
report (1) to review the stages in normal intestinal rotation and the 
possibilities of abnormality in each, (2) to present our 2 cases and (3) 
to review the literature on anomalies of intestinal rotation as a cause 
for the development of acute and chronic intestinal obstruction. 

EMBRYOLOGIC DEVELOPMENT 

Although much of the embryologic development of the intestinal 
tract was known and described as earl}’’ as 1817 by Meckel ^ most of 
our present knowledge of intestinal rotation dates from the work of 

From the Department of Surgery, Duke University School of Medicine. 

1. Meckel, J. F.; Blindungsgeschichte des Darmkanals der Siiugetiere und 
namentlich der Menschen, Deutsche Arch. f. Physiol. 3:1, 1817. 
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Mall - in 1898 and of Frazer and Robbins”’ in 1915. W’e have drawn 
freely from the latter two sources and from Dntt’s * masterfni article 
published in 1923. 

At the end of the fifth week of intra-nterinc life the abdominal 
portion of the intestinal tract may be schematically representcfl as in 
figure 1. The entire alimentary tract is suspended in the midlinc by a 
common dorsal mesentery. The tract is divided into three parts accord- 
ing to form and blood supply : the foregut forming the upper looj) 
supplied by the celiac axis, the midgut forming the umbilical loop 
supplied by the superior mesenteric artery and the hiiulgut or lower 
loop supplied by the inferior mesenteric artery. The midgut grows 
rapidly, and by the end of the fourth week the vitello-inlcstinal duct has 
lost its connection with the yolk sac and umiiilical cord. Available 


mtra-abdominal space is so diminished by the rapid growth of the liver 
and the midgut loop that the latter is extruded into the root of the 
umbilical cord as a temporary and physiologic umbilical hernia. .At the 
fifth week the midgut loop still lies in the sagittal i)lane. tlie apex of 
the loop being represented by the remnant of the vitelline duct and the 
termination of the superior mesenteric artery. The anterior segment 
of this loop IS termed the prearterial segment, and the jiostcrior. the 
postarterial segment. 

At an early period the lower end of the foregut and the u])per end of 
me tundgut become fixed points from which the midgut loop is suspended, 
e upper part of the duodenum is deviated to the right bv the 
ugmg and unequal growth of the greater curvature of the stomach 
t becomes fixed in this location by the thickening and shortening of 
s mesentery and by the outgrowth of the pancreatic rudiment. From 

"" retention band passes upward as a 
mestrfe ™«entery to the region of origin of the superior 

'"ut or r growth with the 

junction oTtT ^" -f "^esentry and thus fixes the intestine at the 
LTa l-ndgut. These two fixed points are close 

tion^ot T®* ? ?'"* ‘'“'’'‘“'’“Me isthmus. This earli- fixa- 

looptaW taadgut loops precludes the possibility of’ either 

Jgut. Errors ,n d.spos.tiou of the foregut or of the hiudgut 


are 


AJehS'leteHopSlaSIsIlS: ,8,7” 

dI'V ift r ■ mf”' 

A.;.;;, 
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The process of intestinal rotation is divided by Frazer and Robbins ® 
into three stages. The first includes the time during which the midgut 
loop occupies the umbilical hernia and until it is returned to the abdom- 
inal cavity at about the tenth week. The second stage occupies the 
time during which rotation and reduction of the midgut into the abdomi- 
nal cavity take place and is completed when the cecum reaches the 
right loin in the eleventh week. The third stage extends from this 
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Fig. 1 . — Diagram of the alimentary tract at the fifth week of intra-uterine life 
(lateral view). The foregut, midgut and hindgut are shown with their individual 
blood supply supported by the common dorsal mesenter}^ in the sagittal plane. 
The midgut loop has been e.xtruded into the umbilical cord. 


time until shortly after birth. It is characterized b}^ descent of the 
cecum and by fixation of the cecum and lower part of the duodenum 
by fusion of their mesenteries with the posterior parietal peritoneum. 
The first stage may be considered as a preparation for, and the third 
as the completion of, the important second stage during which in an 
exceedingly short time the reduction and major rotation of the intestinal 
tract occur. 



and the postarlerial sctrniciU to llu' loft ( lii;. 2). ! his is hronitlU about 
by the enlargement anti (lown-grtuvth <u’ the liver carrying with it the 
left umbilical vein which depresses the jn'oxinial part of the prearterial 
segment. 

Failure of the intestine to rotate beyond the lirst stage is seen in 
exomphalos, in which condition the etnhrytmic hernia into the root of 
the umbilical cord persists in jiarl or in full until birth. In this coiulilion 



t re hernia is covered by the thin and translucent umbilical cord, in con- 
rast to the covering of skin in the usual umbilical hernia. The sac 
contmns the nonrotated midgut loop occupying a position similar to 
lat found m the embryo at the eighth or ninth week. 

of Rotation . — ^This is the stage of reduction and of 
of ir midgut loop which takes place at the beginning 

re entr week and ends when the cecum reaches the right loin (figs. 
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3 and 4). This, the most important phase of the process of rotation, 
occurs quick'ly, and in none of the specimens studied by Mall or by 
Frazer and Robbins was the gut found in the process of its return. 
Frazer and Robbins pointed out that it is not possible for the gut to be 
returned en masse and that the cecum especially offers resistance to 
this passage. The proximal limb of the prearterial segment is thought 
to be reduced first, its coils entering the abdomen in an orderly sequence 



Fig. 3. — Diagram of the alimentary tract at about the tenth week during the 
second stage of rotation (anteroposterior view). The bowel in the temporary 
umbilical hernia is in the process of reduction, the most proximal part of the pre- 
arterial segment entering the abdomen to the right of the superior mesenteric artery 
first, and the remainder of the bowel following in orderly sequence. The superior 
mesenteric artery is held forward close to the abdominal wall by the cecum and 
ascending colon, permitting the bowel to pass under it. As the coils of small 
intestine collect within the abdomen the hindgut is displaced to the left and upward. 

to the right of the superior mesenteric artery. As these coils collect 
within the abdominal caruty, the hindgut and its mesentery, which lie 
in the midline, are displaced to the left, backward and upward. The 
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Aorta 


6uperior 
■mesenteric 
artery. 


Po star ter ial 
■mesentery. 



Prear^trerlal 

■mesentery 


Fig. 4.-Diagram showing the condition of the alimentary tract at the end of 
the second stage of rotation (eleventh week). From its or.gmal sagittal position 
the midgut has rotated 270 degrees in a contraclockwise direction about the oripn 
of the superior mesenteric artery. The essentials of the permanen isposi ion 
of the viscera have been attained. 


axis of the superior mesenteric arterj- of 270 degrees from the sagittal 
position of the primitive umbilical loop. In this way the intestinal tract 
comes to occupy its position as normally seen in the adult, the duodenum 
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being placed behind the origin of the superior mesenteric artery while 
the transverse colon crosses the same point anteriorly. 

Dotf* classifies derangements of the second stage of rotation as 
nonrotation, malrotation and reversed rotation. 

Nonrotation . — In nonrotation of the midgut loop (figs. 5, 6 and 7) 
the intestinal tract occupies a position within the abdomen fundamentally 
the same as in the embryo at the eighth week (fig. 2) . The small intestine 
lies to the right of the midline and the colon to the left. The duodenum 
descends to the right of the superior mesenteric artery and is mobile 



Fig. 5. — Disposition of the intestinal tract as found in nonrotation in the adult. 
The duodenum remains suspended on its mesentery and occupies a position entirely 
to the right of the vertebral column. ’The small bowel occupies the right side of 
the abdomen and the colon the left, so-called “left-sided colon.” The terminal 
ileum crosses the midline to enter the cecum on its right side. Often a narrow 
U-shaped loop of transverse colon hangs between the ascending and the descending 
colon. The entire midgut is suspended on a common mesentery from the narrow 
duodenocolic isthmus at the origin of the superior mesenteric arter 3 \ 

on its mesentery. The terminal ileum crosses the midline to reach the 
“left-sided” colon where it enters the cecum from the right instead of 
from the left. From this point the ascending colon passes upward 
on the left of the midline to a point behind the greater curvature of the 
stomach. Between this point and the splenic flexure is a narrow 





Fig. 6.-Xonrotation as seen by roentgen examination «i tiie l)arium-ftned 
stomach, duodenum and small intestine in a woman aged 63 seen in consu a ion 
with Dr. J. M. Ruffin. The anomaly had caused no symptoms. 1 he location o 
the duodenum and small intestine entirely on the right side of the \crlc ira co um 
is shown. 



Fig. 7. — Same patient as in figure 6. The barium-filled colon is seen entirely 
on the left side of the abdomen. 
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U-shaped loop of transverse colon. In this position there may be no 
secondary fixation of the mesentery, the entire midgut loop hanging 
free from the narrow duodenocolic isthmus (fig. 2). Such an arrange- 
ment predisposes to the development of a volvulus of the entire midgut 
loop. This occurred in 23 of the cases reviewed. 



Fig. 8. — Diagram of the alimentary tract in one form of malrotation (antero- 
posterior view). The prearterial segment has gone through a reversed rotation 
(clockwise) of 90 degrees, while the rotation of the postarterial segment is arrested. 

Malrotation . — By this term Dott designates the irregular defects 
of rotation and fixation. In one type the prearterial segment is reduced 
in front of the superior mesenteric artery while the rotation of the 
postarterial segment is arrested (fig. 8). In another type the prearterial 
segment has remained entirely on the right side, as in nonrotation, while 
the postarterial segment has rotated normally but has been prevented 
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from becoming fixed to the posterior abdominal wall by the presence 
of the unrotated small intestine. In hotli of these conditions tiie cecum 
and ascending colon retain their primitive nresentcry in common with 
that of the small intestine (mesenterinm commune). The attachment 
of the root of the mesentery to the abdominal wall is very short, and 
volvulus of the common mesentery may he produced. It is cjuite pos- 
sible that with the abnormal mesenteric lixations which accompany these 
malrotations the intestinal lumen may he constricted. Seven cases have 



Pig. 9.^Diagrain of a form of malrotation in which the small intestine rotates 
mto the mesenterj’ of the postarterial segment between the superior mesenteric 
arterj- and the colon (anteroposterior view). The small bowel is thus enclosed 
entire 5 in an envelop of peritoneum (after Haymond and Dragstedt^. 

been observed (table 3) in which there was some obstruction to the 
uodenum because of such an abnormality. 

Another form of malrotation is that in which a massive intra- 
a ominal hernia is simulated by rotation of the prearterial loop into 
mesentery of the postarterial segment behveen the superior 
mesenteric artery and the colon. Almost the entire small intestine may 
e contained in a peritoneal envelop thus formed (fig. 9). Such a con- 
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dition reported by Haymond and Dragstedt existed without symptoms 
and was found in a man aged 67 , who died of carcinoma of the stomach. 
Lickley and Cameron " reported an almost similar case without symptoms. 

Reversed Rolation . — In this condition a 90 degree clockwise rotation 
takes place instead of the normal 270 degree contraclockwise one. Thus 
the tiansveise colon passes dorsallj^ to the duodenum and superior 
mesenteric artery (fig. 10), If the normal fixation of the root of the 
mesentery toward the right iliac fossa takes place in this position the 
transverse colon becomes trapped in a tunnel beneath this acquired 
attachment. Fixation of the cecum and ascending colon is usually incom- 
plete, and torsion of the mobile right half of the colon with obstruction 



Fig. to. — Drawing showing the conditions found in reversed rotation. The 
midgut has rotated 90 degrees in a clockwise direction, throwing the transverse 
colon under the duodenum. As the root of the mesentery becomes fixed the colon 
is trapped in a tunnel. The ascending colon retains its primitive mesentery, and 
in this case was obstructed by torsion at the point where it entered the tunnel. 

of the transverse colon at the site of the tunnel through the root of the 
mesentery may readily occur. Ten cases of this kind have been 
collected (table 2). 

Third Stage of Rotation . — This stage is characterized by the descent 
and fixation of the cecum in its normal position, the fixation of the 
descending colon and the fixation of the lower portion of the duodenum. 

5. Haymond, H. E., and Dragstedt, L. R. : .Anomalies of Intestinal Rotation, 
Surg., G 3 'nec. &- Obst. 53:316, 1931, 

6. Lickley, J. D., and Cameron, J. : Note on a Case of Abnormal Disposition 
of the Peritoneum, J. Anat. & Phr'siol. 41:88, 1906. 
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It is completed about the time of birth. The imporlant feature of this 
staee is the fixation of the cecum i.i the right ihac fossa so that the 
mass of small intestine originally dependent from a narrow i>ediclc 
at the origin of the superior mesenteric artery acquires a broa<l ohlKiue 
attachment to the posterior alxlominal wall. It is the absence of tins 
broad attachment Avbich predisposes to volvulus of the entire mesentery. 

Failure of the cecum to elongate and undergo early lixation cxidams 
the subhepatic and lumbar positions of this organ. Deficient fixation 
of the ileocecal segment predisposes to the formation of a volvulus of 
the cecum or ileocecal segment. No attempt has been made to include 
any of the latter conditions in this presentation. 


REPORT OF CASES 

Two cases of volvulus of the entire mesentery secondary to anomalies 
in intestinal rotation with symptoms of duodenal obstruction are as 
follows ; 


Case 1.— R. B., a white boy, aged 6 years, was admitted to the Duke Ho.spilal 
in the pediatric service of Dr. W. C. Davison on .luly 15, 1952, complaining of 
intermittent attacks of cramping abdominal pain and vomiting since Iiirth. The 
patient was the eighth of ten children of healthy parents : lie had been born spon- 
taneously at term, weighing 85^ pounds (3,854 Gm.) at birth. The first feedings 
were taken normally. On the third day after birth forceful vomiting of bile- 
stained material began to occur regularly following eacli feeding. .•\t the age of 
5 weeks the child weighed only 4^4 pounds (2,030 Gm.). The mother stated that 
at that time the fontanels and abdomen were sunken in and the child so feeble 
that she expected it to die at any moment. For a time thereafter there was improve- 
ment. However, from three days after birth until the time of admission the 
patient had had recurring attacks of abdominal cramps and vomiting of from one 
to three weeks’ duration with intervals between attacks never e.xceeding five weeks. 
Development had been normal although he had always been underweight. Attacks 
were often initiated by overeating, and the accompanying abdominal cramps were 
usually relieved by vomiting. Bowel movements were scanty but not abnormal 
during attacks. 

The patient was an undernourished boy of 6 years in no discomfort. He 
neighed 33 pounds (15 Kg.) and was 102 cm. in height. The abdomen was flat 
and of normal contour. Ho peristalsis was seen, no tenderness elicited and no 
masses felt. The superficial veins over the abdominal wall were moderately dilated. 
Except for evidences of chronic infection in the tonsils the remainder of the 
physical examination gave normal results. 


The hemoglobin was 83 per cent (Sahli) ; the red blood cells numbered 
, -0,000, and the white blood cells, 5,000 ; the differential count was normal. The 
^bercuhn reaction was positive. The Wassermann test of the blood was negative. 

he blood calcium was 10.2 mg. per hundred cubic centimeters of blood; the 
P osphorus, 3.6 mg., and the nonprotein nitrogen, 46 mg. The carbon dioxide- 
combining power was 67.3 volumes per cent, and the sodium chloride 493 mg 
per hundred cubic centimeters on one occasion and 428 mg. on another. Gastric 
anaysis showed: no free hydrochloric acid and 15 combined in the fasting residue- 
5 ree and 57.9 total acidity after histamine and alcohol. 

On July 19 after a barium sulphate meal the first and second portions of the 
huodenum were found to be enormously dilated (fig. 11) and entire^ on the riSt 
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of the vertebral column. There was a 25 per cent gastric residue after six hours. 
This was attributed to an obstruction in the third part of the duodenum. At 
twent 3 ^-four Iiours tlie colon was filled and in normal position. 

The cliild remained in the hospital for five and one-half weeks. During this 
time he suffered seven attacks of cramps in the upper part of the abdomen fol- 
lowed and relieved by vomiting of bi/c-stained material containing food residue. 
As operation was not agreed on he returned home on August 26. 

Twenty-six days after discharge he was readmitted to the hospital for opera- 
tion. During the interval he had had almost daih' attacks of cramping abdominal 
pain. There ’were no changes in the physical findings except for the presence of 
fulness in the upper part of the abdomen. No peristalsis was visible. 

Operation was performed on September 27 bj' one of us (D. H.). The 
abdomen was opened through a right rectus incision. The upper part of the 
abdomen was explored on the right side, and the duodenum was found to be 



Fig. 11. — Roentgenogram of the barium-filled stomach and duodenum in case 
1. The tremendous dilatation of the duodenum is evident. Fluoroscopic examina- 
tion showed that the duodenum lay entirely on the right of the vertebral column. 

dilated. The transverse colon was then lifted up to expose the duodenojejunal 
junction, but this was concealed by numerous loops of small intestine. It was 
noted, however, that all the veins to the ascending colon were markedly dilated. 
The hand was inserted into the abdomen for palpation, and the fingers immediately 
passed around a tight bandlike structure at the duodenojejunal junction. The 
exact nature of this structure could not be determined, but on exposing it for 
inspection it was seen that the cecum was fixed in normal position and that for a 
distance of about 4 inches (10.16 cm.) the terminal ileum was collapsed and 
stretched tightly from the ileocecal valve to a point at which it disappeared around 
the root of the mesenterj'' (fig. 12). The veins to this part of the ileum were 
extremely dilated. On inspection of the remainder of the small intestine it was 
seen that the lymphatics were dilated, the Ij'mph nodes greatly enlarged and the 
veins markedly distended. The tissues were moderately cyanotic. The small 
intestine was collapsed. 
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In order to correct the anomaly it was necessary to deliver all of tiic small 
intestine. It was then seen that there was a 360 degree clockw.se rotation ot the 
root of the mesentery. All of the small intestine was involved excc^it the duo- 
denum and the lower few inches of the ileum (fig. 12). The lumen of the mtcstme 
was compressed at the duodenojejunal junction. The mesentery wa.s untwisted, 
and it was then found that the proximal jejunum and terminal ilcnm were adherent 
over a distance of approximately 3 inches (7.62 cm.) (fig. 13). The jejunum am 
ileum were separated, and the dissection was carried between the mesentcnc vessels 



Fig. 12 (case 1). — Appearance on opening the abdomen (from a sketch made 
during the operation). A 360 degree clockwise rotation of the entire small intestine 
has taken place. Dilated veins and lymphatic vessels and enlarged lymph glands 
m the right half of the mesocolon are apparent. The ascending colon has its 
normal attachment ; the duodenum, however, is entirely on the right of the vertebral 
column. 


o the two loops so that the jejunum could be carried into the upper left quadrant 
and the ileum into the lower right quadrant (fig. 14). The small intestine was 
leii returned to the abdominal cavity so as to lie between the two loops and hold 
em in the position shown in figure 14. The abdominal incision rvas closed in 

ayers with catgut for the peritoneum and silk for the fascia, subcutaneous tissue 
sna skin. 
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Fig. 13 (case 1 ). — Appearance after detorsion, showing the adhesions between 
the terminal ileum and the first part of the jejunum. The mesentery of these 
segments was also firmly adherent from the bowel to the attachment of the root 
of the mesentery to the posterior abdominal wall. 



Fig. 14 (case 1). — Appearance at the end of operation. The two segments of 
bowel, with their mesenteries previously adherent, have been separated. The root 
of the mesentery is attached to the posterior abdominal wall over a distance oi 
only about 3 cm. Enlarged veins, lymphatic vessels and lymph nodes in the 
mesentery of the midgut are shown. This enlargement is due to the long-standing 
partial obstruction of the veins and lymphatics at the point of the twist. 
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The postoperative convalescence was without event. Roentgen exnnhnation 
fifteen d!vs after operation showed that the stomach and duodcnntn "" 

moderatelv dilated, but there was no gastric retention, and banmn pnsset read > 
into the ieiunum. The patient was discharged sixteen days alter operation. . 
letter from the mother five months later rciwrted that the child had been entire y 
relieved of all symptoms, that he ate anything he wished and weighed AVA pounds 
(19 The tonsils had been removed in February. The only unusual teaturc 

noticed'' by his mother was the occurrence of from three to five Iwwel movements 
a dav. 



Fig. 15 (case 2). — Appearance on opening the abdomen (from a sketch made 
during operation). The hepatic flexure of the colon has become fixed normally; 
the cecum and ascending colon, however, remain suspended with the small intestine 
on a common mesentery. A 360 degree clockwise rotation of the entire small 
intestine, cecum and part of the ascending colon has taken place. 


C.\SE 2. — )vl., a colored boy, aged 2 months, was admitted to Duke Hospital 
in the pediatric service of Dr. W. C. Davison on Oct. 21, 1932, with a complaint 
of persistent vomiting for one month and pain and disability of the right arm for 
one week. The child, the first of apparently healthy parents, was born spontane- 
ously at term, and weighed 7 pounds (3,175 Gm.) at birth. He had been normal 
m all respects until the age of 1 month when he began vomiting bile-stained 
material after one or two feedings each day. This had persisted until admission. 
The stools had remained normal, and there had been no loss of weight. In the 
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five clays prior to entry pain and swelling of tlie right arm just above the elbow 
had developed, and the child had refused to use the arm. 

The patient was a well developed, fairly well nourished male Negro infant of 
2 months. He weighed 11 pounds (5.2 Kg.). There was no evidence of dehydra- 
tion. The lower third of the upper part of the right arm was moderately and 
diffusely swollen, tender and indurated. The child did not use the right arm and 
resented motion at the elbow. The abdomen was full in the epigastric region. No 
peristalsis was seen, no tenderness elicited and no masses felt. 

The hemoglobin was 45 per cent (Sahli) ; the red cell count was 3,110,000, and 
the white cell count, 10,400; the differential count was normal. The Schick, Dick 



Fig. 16 (case 2). — Appearance after detorsion. The duodenum is dilated and 
entirely on the right of the midline. As in case 1 there are adhesions between 
the proximal and distal parts of intestine involved in the volvulus. 

and tuberculin tests were negative. The Wassermann reaction of the blood was 
4-|-. A roentgenogram of the right humerus showed a rarefaction and periostitis 
throughout the lower third with a fracture through the diaphysis. 

Following a barium meal, obstruction in the third portion of the duodenum 
with dilatation of the duodneum and stomach was noted, and there was a small 
gastric retention after twenty hours. The colon was not filled at twenty hours. 
A barium enema showed an obstruction in the transverse colon. 

During a ten day stay in the hospital the child vomited between 30 and 350 cc. 
of bile-stained material daily. The weight remained stationary. The lesion ^ in 
the bone was considered as due to congenital s)'philis, and the abdominal condition 
was diagnosed as volvulus of the entire midgut. 
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Operation was performed by one of us (D. H.) on Xov. 2, 1952. T be abdomen 
wa': opened through a right rectus incision. .A dilated stomach and dnodcmmi 
immediatelv presented. The hepatic flexure of the colon was fixed m its normal 
position, and the ascending colon was seen to run from this point of fixation 
medially and downward until it disappeared in a twist around the root of the 
mesentery (fig. 15). It was immediately concluded that there was a volvulus of 
the intestinal tract from the duodenojejunal junction almost to the hepatic flexure 
of the colon. The rotated intestine was delivered. The twist wa.s seen to be ab-mt 



Fig. 17 (case 2). — Appearance after liberation of the adhesions. In the mesen- 
teiy of the midgut there are dilated veins and lymphatics and enlarged Ivmph nodes 
as in case 1. 

360 degrees in a clockwise direction. The veins and lymphatic vessels were 
dilated, though not as markedly as in case 1. The lymph glands were moderately 
enlarged, When the bowel was untwisted it was found that the cecum and lower 
part of the ascending colon were freely movable. The upper part of the ascending 
colon was adherent to the proximal part of the jejunum (fig. 16). 

The two structures were dissected free, and the dissection was carried down 
etneen the mesenteries of each so that the cecum could be placed in the right 
o^er quadrant and the proximal jejunum in the left upper quadrant (fig. 17). 
c small intestines were returned to the abdominal cavity so as to lie b'etween 
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tliese structures and hold tlieni in their normal position. The abdominal incision 
was closed in la 3 'ers, catgut being used for the peritoneum and silk for the sheath 
of the rectus, subcutaneous tissues and skin. 

Postoperative convalescence was uneventful. The patient remained in the 
hospital under an active antisyphilitic regimen until December 30, and since then 
has reported irregularly- at the clinic for similar treatment. He has been com- 
pletely relieved of all digestive disturbances. On April 7, 1933, roentgen e.xamina- 
tion after the barium meal showed that the stomach emptied rapidly. There was 
no dilatation of the duodenum, and barium passed through it without delay. A 
barium enema showed that the entire colon filled and lay in the normal position. 


COMMENT 

In both cases the clinical history and the physical findings were 
characteristic of a chronic duodenal obstruction. In both cases operation 
revealed a volvulus of the entire mesentery. The intestine was obstructed 
at the duodenojejunal junction, at which point the emerging segment of 
bowel looped around the entering segment and the twisted root of the 
mesenter}'. In each the emerging loop of bowel was not obstructed 
and the small bowel was collapsed. In both cases chronicity of symptoms, 
density of adhesions binding together entering and emerging segments 
of bowel and evidences of long-standing venous and lymphatic obstruc- 
tion make it seem probable that the volvulus had been present since intra- 
uterine life or occurred shortly after birth. In case 1 normal rotation 
and fixation of the colon had taken place, though the duodenum 
remained on the right side of the vertebral column and the attachment 
of the root of the mesenter}^ was inadequate. It is possible that volvulus 
took place during the process of reduction of the midgut loop in the 
tenth week of uterine life and that the colon subsequently rotated 
normally. It is more probable, however, that the deficient fixation 
of the mesenteric root predisposed to volvulus which was produced by 
the vigorous intestinal peristalsis incident to the first feedings. In case 
2, the condition was exaetty similar except that the cecum and ascending 
colon were also involved; deficient fixation of the common mesentery 
permitted formation of the volvulus. It is possible that the volvulus 
occuri'ed at the age of 1 month; however, the evidences of long stand- 
ing venous and lynnphatic engorgement in the mesenteries of the midgut 
and the density of adhesions binding together the two loops of bowel 
involved in the twist suggest the possibility that the volvulus had been 
present since early intra-uterine life. 

CASES IN WHICH ANOMALIES OF INTESTINAL ROTATION LED 
TO OBSTRUCTION OF THE INTESTINAL TRACT 

Anomalies of intestinal rotation may exist without symptoms and 
be recognized only at anatomic dissection, at necropsy, on roentgen 
examination after a barium meal or incidentally at operation. Symptoms 
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GARDXnR-llAKr-lXriiSTIX.lI. 


OR.^l RVCriDX 


appeared in onlv 13 of Doll's oases cnllcclod m 192o. InculciU t- 
Ihe present collection of 10? cases' %vith varyinii clcj^rccs ni mtesuna 
obstruction rvc have collected 70 eases of major delects m mtesimn 
rotation which existed without symptoms. 1 he fnst of tin si "as u poiti 
in 1827 by CruYcilhier.' 

Intestinal obstniction. either acute or chronic, may develop *>'1 Oh; 
basis of anomalies of intestinal rotation because of (1) ^ol\ulus of 
the entire mesentery. (2) kinkiuii or torsion of the ascendin'^ colon 
secondary to reversed rotation of the mid,:^ut looj) or (3) kinkiu” oi 
pressure on the intestinal tract from abnormal lixalion of the mcsenteix. 


In this report we have not includeil the cases with symptoms irom an 
unduly mobile cecum or those of volvnlns of the cecum, conditions which 
are undoubtedlv secondary to a defect in the third sta^e of intestinal 
rotation but about which there is no confusion in the literal\ire. 

Age and Sc.w — Of the 105 cases 55. or o2 per cent, were reported 
in new-born infants or in jratients in whom symptoms had dated from 
a few days after birth. The latter ijroup ranged in a"e from a feu- 
months to 27 years. Of the other 49 cases in which the a”c was v;iven. 
21 occurred in the third decade and from 3 to 7 in c.ach of the other tirst 
six decades. Sixty-two per cent c>f the 97 p.atients whose sex was indi- 
cated were males. 

Etiology . — Any departure from the orderly serjiience of return of 
the intestine from the umbilical hernia into the abdomen is the reason 
given by Dott ■* for abnormalities of rotation. 1 le believes that an unduly 
large umbilical orifice would exert no particular restraining inflcjence 
on the cecum and thus permit a disorderly reduction. In cases of 
abnormal intestinal rotation reported by Hubncr.<' Hunter*'' and 
Reinhold ** mesenteric cysts were also present, and it is quite possible 
that their presence in fetal life acted as obstructions to normal intestinal 
reduction. In the other cases no apparent cause for the anomaly could 
be found. The presence of other congenital anomalies has been noted 


7. These cases comprise 103 collected from the literature and the 2 cases 
reported here. 

8. Cruveilhier, E. ; Disposition particuliere de peritoine. Duodenum pourvu 

I 'i" ’ ”*esenfere unique pour tous les intestins. Bull. Soc. anat. de Paris 

2:202, 1827. 

9. Hubner, Hans : Volvulus des gesamten Dunndarmes und aufstcigenden 

ne St emem Teile des queren Dickdarms beim Mesenterium ileocoUcum commune 
1910 Mesenterialzyste, Virchows Arch. {. path. Anat. 201:427. 


^ ^lesenteric Cyst of Jejeunal Origin Complicated bv 
11 ^<’^'tion of the Transverse Colon, Brit. it. J. 2:800, 1922. 

du mesentere complique de volvulus du grele et 

'on BnU et de I'intestin gr^e. Reduction du volvulus. Gueri- 

' ull. et mem. Soc. de chir. de Paris 58:523. 1932. 
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by Braennig^" whose patient also had a Meckel’s diverticulum, by 
Grant whose patient had a congenital absence of the shaft of the left 
radius, left thumb and first metacarpal, by Benham whose patient 
had congenital cerebral diplegia, by Moritz whose patient was a cretin, 
b}' Sauerbeck whose patient had a patent interventricular septum 
and by Sencert whose patient had an imperforate anus. 

Contributory causes for the development of volvulus have been 
attributed to violent physical exertion, blows on the abdomen, exposure 
to extremes of temperature, operative manipulation, tumors, adhesions, 
starvation, constipation, vigorous cathartics and overeating. Any of 
these factors ma}'’ have a bearing on the production of perversions in 
intestinal peristalsis AAdiich are probably most often the cause of the 
development of a volvulus. In volvulus neonatorum, of which there were 
55 cases in this series, symptoms dated from the first few days of life 
and were probabl}'’ initiated b}’^ the peristaltic efforts of the intestinal tract 
incident to the first food taken. In 2 cases (Radaeli and Donald^®) 
volvulus of the entire mesenter}'^ complicated pregnancy, while in 3 cases 
(Hubner,“ Hausmann and Hamann-*) it occurred as a postoperative 
complication. 

Volvulus of the Entire Mesentery. — This is the most common cause 
of intestinal obstruction secondary to anomalies of intestinal rotation and 
accounted for 88, or 83 per cent, of the 105 cases. If the condition of 
nonrotation and absence of intestinal fixation is present the suspension 
of the entire midgut from the narrow pedicle at the origin of the 
superior mesenteric arter)^ may permit the development of a volvulus 

12. Eraeunig, Karl : V olvulus des Diinndarms und Colon ascendens bei 
Hemmungsmissbildung des Darms, Deutsche Ztschr. f. Chir. 186:284, 1924. 

13. Grant, J. W. G. : Case of Non-Rotation of the Intestine, Brit. J. Surg. 
18:166, 1930. 

14. Benham, H. W. ; An Unusual Case of Volvulus, Lancet 2:340, 1932. 

15. Moritz, A. R. : Mesenterium Commune with Intestinal Obstruction, Am. 
J. Path. 8:735, 1932. 

16. Sauerbeck, Ernst: Ueber Entwickelungshemmung des Mesenteriuffls und 
abnorme Lageverhaltnisse des Darms, insbesondere des Dickdarms, Arch. f. khn. 
Chir. 89:873, 1909. 

17. Sencert: Cas d’arret de torsion de I’intestin, Compt. rend. Soc. de biol. 
58:325, 1905. 

18. Radaeli, Guilio : Sopra un caso di ileo in gravidanza da volvulo del tenue, 
del cieco e del colon ascendente, Ann. di ostet. e ginec. 50: 1085, 1928. 

19. Donald, Charles; Volvulus of Small Gut, Caecum and Ascending Colon 
Associated with Congenital Reversed Rotation of Intestine and with Pregnancy, 
Brit. J. Surg. 15:269, 1927. 

20. Hausmann, L. : Beitriige zu den Lageanomalien des Darmes : Mesenterium 
Commune, Postposition des Dickdarms (Col. Transversum) hinter dem Dunndarms 
(Duodenum) .Achsendrehung, Zentralbl. f. Chir. 27:19, 1900. 

21. Hamann, C. A.: Faulty Rotation of the Intestine, Ann. Surg. 76:491, 1922. 
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of the entire small intestine, cecum and ascending and right half of 
the transverse colon. Such a volvulus of the entire midgut was present 
in 23 of the 88 cases of total volvulus. On the other hand, the presence 
of malrotation or of nonrotation with deficient fixation mai jiredisposc to 
formation of a volvulus of the entire small intestine, such as occurred 
in 24 of the 88 cases, or of the entire small intestine, cecum and ascend- 
ing colon, such as occurred in 41 of the cases. 

Tivo degrees of volvulus of the entire mesentery may be recognized 
pathologically depending on the tightness of the torsion and on the 
degree of vascular occlusion. If the twist obstructs both the entering 
and the emerging segment of bowel and the blood supply is obstructed, 
the entire involved intestine becomes enormously distended and gan- 
grenous. The pathologic picture in such a condition is the usual one of 
acute intestinal obstruction with strangulation. On the other hand, if the 
volvulus is less tight, as is more frequently the case, the third part of 
the duodenum is obstructed at the point where it winds around the 
mesenteric root, while the colon, which is less fixed, is not occluded. 
Since the involved bowel has a free exit below through the colon it 
remains collapsed, while the stomach and duodenum become enormous!}' 
distended. The picture is thus entirely one of duodenal obstruction 
without any of the usual features of volvulus. If the vascular occlusion 
is acute there may be a bloody peritoneal fluid, and blood may be extra- 
vasated into the bowel and subsequently passed by rectum. If the 
volvulus is chronic, as in both of our cases, evidences of long-standing 
\enous and lymphatic obstruction rvill be apparent. In such a case the 
mesentery of the midgut will be thickened, and in it may be found 
enlarged lymph nodes, dilated lymphatic vessels and veins as large as 
one’s finger. 

The direction of rotation was clockwise in 56, or 70 per cent, of the 

cases of volvulus in which it was indicated. Torsions varving from 
120 degrees to four complete turns were encountered. Tightness of the 
torsion rather than the number of turns determines the severity of the 
S} mptoms. Benham’s case was seen in collapse ten hours after 
the onset of symptoms with a torsion of 180 degrees while in the case 
0 Kuljazbo and Koreski,-- operation was performed on the fifth day 
o symptoms, and four complete turns of the mesentery were found. 

Chmcally two entirely different forms of volvulus of the entire 
mesentery may be encountered. In the one the picture is entirely that 
ot acute or chronic obstruction to the duodenum without any of the 
''■oh'ulus. In the other the picture is typical of volvulus 
lati^ intestinal obstruction with or without evidence of strangu- 


Kiiljazho and Koreski, quoted by Brenner.'*^ 
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Volvulus with Symptoms of Duodenal Occlusion. — This is the more 
common condition which follows volvulus of the entire intestinal tract 
and was present in 52 (70 per cent) of the 75 cases in which the descrip- 
tion was complete enough for analysis. The obstruction may be partial, 
complete or intermittent. Usually sjnnptoms are chronic, frequently 
beginning within a few da 3 's after birth and consist of recurring attacks 
of abdominal pain, vomiting and constipation without abdominal 
distention. 

This condition has been reported in 32 new-born infants. No intesti- 
nal abnormality is apparent at birth. The first feedings are taken 
noi'inally. Meconium and in some cases normal stools are passed. 
Vomiting, constipation and abdominal pain usually manifest themselves 
about the third or fourth da 3 ^ Vomiting is persistent and projectile. 
It occurs usuall}' from twent}’’ to thirty minutes after feedings (later 
than in congenital pyloric stenosis) and in cases reported by Dott,'* 
Durante and Oberling -■* the vomitus contained blood. Since the 
obstruction is below the ampulla in the duodenum, the vomitus always 
contains bile. Epigastric distention and frequently visible gastric 
peristalsis are present, while the lower part of the abdomen remains 
scaphoid. If Avascular obstruction accompanies the volvulus, blood- 
stained fluid ma}'' be passed by rectum as in cases reported by Pinker- 
ton,^® Blecher,-® Durante,-® Lawson,®' Michaelis and Dott (2 cases). 
In the case of Charlsey and Richardson blood leaked continuously 
and in large quantity from the rectum. Acidosis, dehydration and 
demineralization of the blood may be extreme and may cause the 
child’s death. In cases in which the Amlvulus has progressed to complete 
strangulation death occurs much more promptly and is probably 
hastened by the rapid loss of blood into the intestinal tract. 

23. Durante, G. : Occlusions congenitaies de I’intestin, BuIJ. Soc. anat. de Paris 
6:593, 1901. 

24. Oberling, Charles: Trois cas de volvulus par torsion du inesentere com- 
mun persistant. Rev. franc, de pediat. 3:96, 1927. 

25. Pinkerton, C. C. ; Volvulus Neonatorum Due to Anomalous Intestinal 
Rotation, Ann. Surg. 86:633, 1927. 

26. Blecher; Ueber Ileus bedingt durch seltenere Formen von Volvulus, 
Deutsche Ztschr. f. Chir. 64:48, 1902. 

27. Lawson, T. C. : Volvulus of the Entire Small Intestine, California & West. 
Med. 26:189, 1927. 

28. Michaelis, P. : Achsendrehung des Diinndarms und des Colon ascendens 
bei einem Neugeborenen, Wien. klin. Rundschau 27:662, 1913. 

29. (a) Dott, N. M. : Volvulus Neonatorum, Brit. M. J. 1:230, 1927; (b) 
footnote 4. 

30. Charlsey, G. W., and Richardson, G. : A Case of Volvulus Neonatorum, 
Brit. M. J. 1:494, 1928. 
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If the condition is less acute the child may escape death in early 
infancy but will remain susceptible to repeated attacks of partial 
duodenal obstruction throughout the remainder of his life. Seventeen 
such cases in an age group of from 3 to 27 years are included in this 
series. These patients had a history, dating from birth, of repeated 
attacks of abdominal pain, vomiting and constipation but without 
abdominal distention. The pain is usually the t\'pical cramp of intestinal 
colic, though it ma}’ manifest itself onh' as an epigastric discomfort. 
It is frequently precipitated by meals and usually relieved by vomiting. 
Vomiting is forceful and copious; the vomitus is bile-stained and fre- 
quently contains food residue of meals eaten many hours previously. 
The upper part of the abdomen is distended ; the lower, scaphoid, and 
nsible gastric peristalsis may be evident during attacks. Constipation 
IS generally present although occasionally small stools of normal fecal 
material are passed during attacks. Blood in the vomitus or in the 
stools did not occur in any of the cases. Pathetic degrees of emaciation 
and dehydration often occur. Rixford reports the case of a child 
aged 5 rears who had never been able to eat a full meal without initating 
an attack. Because of the weakness of starvation this patient could be 
out of bed only a few hours each dav. 


Roentgen examination of the gastro-intestinal tract reveals a partial 
os ruction m the duodenum, usually in the third portion, with enlarge- 
° ^ ^ duodenum and stomach and prolonged retention of barium 
one oj'fans (fig. 11). The characteristic finding, however, and the 
Which the roentgenologist may frequently establish a diagnosis 
rotation, is the presence of the entire 
of tbo vertebral column. The nonnal cunm 

lost across the midline and under the stomach is 

colon visualization of the 

ahnormalitv ^ abdomen is indicative of an 

fill the However, in these cases sufficient barium to 

entire colon ^ P^ses the duodenal obstruction. The 

enema and ’ “llr '•> will be filled by a barium 

tnnes, as in case '2 tl ’ detected. At other 

barium bv an ^ be an obstruction to the passage of 

*e colom volvulus in the right half of 


Obsln,clh„.~This 

“'"'“S'- is no, Llike thn, ( “““ rh" sWom- 
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sudden onset of acute intestinal colic with vomiting, obstipation and 
abdominal distention. Symptoms of stratigulation with death in col- 
lapse as early as six hours after the onset may be present (Helms- 
muller *-). In Kohler’s ”” case seen in collapse two hours after onset the 
condition was mistaken for a ruptured ectopic pregnancy. A history 
of one or two similar attacks in a milder form is sometimes given; 
usually, however, these patients have enjoyed excellent health and have 
been singularly free from abdominal discomfort. It is probable that 
before operation this condition cannot be distinguished from any other 
form of acute intestinal obstruction. 

Reversed Rotation with Aeute Obstnietion of the Colon . — In 
reversed rotation the transverse colon comes to lie under the duodenum 
and superior mesenteric arteiy and may become trapped in this position 
by the acquired atttachment of the root of the mesentery (fig. 10). 
Obstruction to the transverse colon at the point where it pierces the root 
of the mesentery may take place by torsion or kinking of the mobile 
cecum and ascending colon. Thirteen cases of reversed rotation have 
been collected. In 3 (Hausmann,-* Braeunig and Donald attach- 
ment of the mesenteric root was inadequate, and volvulus of the entire 
mesentery took place. In the other 10 cases (table 2) obstruction 
occurred in the middle of the transverse colon secondary to kinking 
or torsion of the right half of the colon which retained its primitive 
mesentery. 

Symptoms of this condition are not unlike those of acute obstruction 
of the colon from any cause. Frequently a history of repeated milder 
attacks in the past may be elicited, or the condition may exist without 
symptoms for years, as in the case of Dott whose patient, 68 years 
of age, was seen in his second attack. Peigneaux and Fruchard 
reported the case of a 15 year old girl with an associated chronic 
duodenal obstruction, symptoms of which had been present since birth. 
In the cases of Hunter and Harvey the condition caused death 
in the new-born. On abdominal examination the outline of the tre- 
mendously dilated cecum and ascending colon may be made out. It is 
improbable that before operation this condition can be distinguished 
from an)'^ other type of acute obstruction of the colon. However, 

32. Helmsmuller ; Ein Fall von Achsendrehung des gesamten Diinndarms 
und des aufsteigenden Dickdarms, Thesis, Kiel, 1898; quoted by Blecher.-® 

33. Kohler, H.: Volvulus des Zokokolons und des gesamten Diinndarms, 
Deutsche med. Wchnschr. 44:519, 1918. 

34. Peigneaux, and Fruchard, Henri: Troubles digestifs graves chez une 
jeune fille de quinze ans en relation avec des malformations portant sur le duode- 
num et le colon droit. Bull, et mem. Soc. de chir. de Paris 56:335, 1930. 

35. Harvey, Frank : Intestinal Obstruction in a Child of Three Days Due to 
Abnormal Intestinal Rotation, Brit. J. Surg. 14:187, 1926. 
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should it be encountered at laparotomy, a knowledge ot the possibility 
of such a condition is of great value. 

Obsh’ucliou fvoiu Abnoruicil Ittlcstiiial Fixation. Se\en cases of 
obstruction of the duodenum caused by abnormal fixation of the 
intestinal tract incident to anomalies of intestinal rotation ha\ e been 
collected (table 3). In 5, fixation of the duodenum in abnormal kinks 
caused the obstruction. In Ladd’s case the duodenum was occluded 
by the firm fixation of a nonrotated and abnormally fixed cecum across 
it. while in Denzer's case the duodenum was tightly squeezed between 
the nonrotated and abnormally fixed cecum and the terminal ileum. 

In addition to these 7 cases of duodenal obstruction oolsey ■ ' 
reported 2 cases with symptoms of indigestion and flatulence in which 
the nonrotated cecum was firmly fixed to the gallbladder, pylorus and 
duodenum. These symptoms were probably caused by dysfunction of 
the gallbladder rather than by duodenal obstruction. Brouet and Caroli " ' 
reported the case of a boy aged 17 who had had frequent attacks of 
abdominal pain and in whom at operation nonrotation of the midgut 
with adhesions between the ascending colon and the right loop of the 
transverse colon were found. Recovery followed right colectomy and 
ileocolostoiu}-. Hecker reported the case of a woman aged 52 who 
for a year had suffered from recurring abdominal pains and in whom 
at operation nonrotation with adhesions between the colon and the small 
intestine were found. In 1927 Waugh reported 5 cases in which mal- 
tormation of the mesentery accounted for a variety of abdominal 
symptoms; in 1930 Grant reported the case of a man aged 32 who 
bad had recurring attacks of abdominal pain and in whom nonrotation 
of the midgut loop without volvulus or abnormal fixation was found. 

Symptoms and clinical findings in the patients with duodenal occlu- 
sion secondary to abnormal intestinal fixation are the same in everr- 
respect as those of duodenal obstruction from volvulus. In the second 
group with symptoms due to unusual position and fixation of the 
intestines IVaugh^^ emphasized the “unusualness” of the pain, the 


oe. Ladd. W. E. : Congenital Obstructions of the Duodenum in Children \'e\v 
England J. Med. 206:277, 1932. 

37. Denzer, B. S.: Congenital Duodenal Obstruction; Afalrotation of the 
mtestine. .\ni. J. Dis. Child. 24:: 534 (Dec.) 1922. 

an. i^^^on-Rotation of the Ikfidgut. Internat. J. Med. & Surg. 
192/. 

Caroli: Arret de torsion de I’intestin. Bull, et mem. Soc de 
cl'ir. de Pans 54.; 366, 1930. 

Kuhlmann, C. J.: Les anomalies con- 

tov, de chlr .Tllif '“".rsicle, 

n;!!v Congenital l^Ialformations of the \[e<=enterv 

C5>n.c.d Entity. Brit. T. Surg. 15:438. 1927. - ie-enter> . A 
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“emptiness” of the riglit iliac fossa as a result of the absence of 
the cecum from its normal position, and the roentgen findings after the 
barium meal as the important factors which enabled him to make 
the correct preoperative diagnosis in 4 of his 5 cases. 

Diagnosis. — It is improbable that a correct preoperative diagnosis 
of volvulus of the entire mesenter}'- causing acute intestinal obstruc- 
tion or reversed rotation with acute obstruction to the colon can be wade 
unless an anomaly of intestinal rotation has been previously recognized 
in the patient. However, the condition should be recognized before 
operation in new-born infants, children and young adults who show 
symptoms of acute or chronic duodenal obstruction without evidence 
of volvulus. The differeiitial diagnosis is to be made from hypertrophic 
pyloric stenosis, congenital atresia or stenosis of the intestine, intus- 
susception, volvulus of a limited portion of the intestine, or intestinal 
obstruction from tumors or from anomalous intraperitoneal bands. 

The persistent vomiting following feedings, the epigastric distention 
and the visible gastric peristalsis in the new-born may cause a confusion 
in diagnosis with pyloric stenosis. In total volvulus, however, the 
vomiting is always bile-stained as the obstruction is below the ampulla 
of Vater ; symptoms usually begin earlier in life, and the vomiting occurs 
at a longer interval after feedings. Congenital atresia of the duodenum 
may be distinguished by the fact that in this condition vomiting begins 
immediately after birth and meconium is not passed by rectum. Con- 
genital stenosis of the lower duodenum in which the obstruction is partial 
closely simulates the partial duodenal obstruction of total volvulus. In 
the former condition symptoms date from birth, while in the latter 
they date only from the onset of the volvulus. Roentgenologic findings 
of a duodenum wholl}" on the right of the ■\'^ertebral column is the 
greatest aid in differentiating the two conditions. In congenital stenosis 
of the intestine and in the acquired intestinal obstructions from tumors, 
peritoneal bands, intussusception and volvulus of a limited segment of 
the intestine differentiating features are found in the generalized 
abdominal distention and in the vomitus which soon becomes feculent. 
These symptoms are present in all the latter conditions but not in the 
duodenal obstruction resulting fron? volvulus of the entire mesentery. 

Treatment. — Operative treatment offers the only hope of cure in 
patients with obstruction to the duodenum or lower intestinal tract 
secondary to anomalies of intestinal rotation. In the group with 
symptoms of acute intestinal obstruction, whether in the duodenum or 
lower, early operation is imperative, for in these cases as in any acute 
intestinal obstruction the mortality rate mounts rapidly with each hour 
of delay. In the group with chronic duodenal obstruction with inter- 
mittent acute attacks a more leisurely preparation for operation may be 
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pursued. Ho^YeYer. in tliis group iionoperative treatuient is not justified, 
as cYidenced by the fact that in our series 8 of the 1/ patients with this 
condition died without operation during acute exacerbations of the 
attacks from which they had suffered all their lives. 

Volvulus of the entire mesentery may be easily overlooked at opera- 
tion if the condition is not kept in mind or if adequate exploration is not 
made. The condition may be suspected if the right half of the colon 
is not found in its normal position or if on palpation a firm cord 
representing the twisted root of the mesentery can be felt at the site 
of origin of the superior mesenteric artery. Adequate exposure with 
visualization of this area usually makes the diagnosis obvious, although 
evisceration may be necessary before the condition becomes clear. 
Detorsion of the volvulus after complete evisceration of the involved 
intestine with replacement of the viscera in their normal position is the 
ideal operative procedure. Duodenojejunostomy alone has been per- 
formed successfully iir one case (Lee''-). Because of the vascular and 
lymphatic obstruction which inevitably' accompanies volvulus and because 
of the possibility' that this obstruction may become complete we do 
not consider this procedure advisable. If, after detorsion, the condition 
of the patient permits, some form of fixation of the cecum and ascending 
colon in their normal position is advisable. In cases reported by Ladd 
and Brenner recurrence of the volvulus occurred one and nine months, 
respectively, after the original operation in which simple detorsion had 
been perfonned. In each case this necessitated a second operation with 
detorsion and fixation of the ascending colon. In the 2 cases reported 
by Heyman a tendency for the volvulus to recur while the abdomen 
remained open was noted, and in each colopexy' was found necessary' 
to maintain reduction of the volvulus. If adhesions bind together 
entering and emerging loops of bowel involved in the volvulus, as 
occurred in both of our cases, these adhesions must be carefully' and 
t oroughly freed before reduction can be maintained. It is probable 
at the secondary' adhesions which form about the raw surfaces thus 
produced will prevent recurrence of the volvulus, and on such an 
assumption colopexy' was not performed in either of our cases. In the 
patients with total volvulus who sut-idved operation the procedure 
''as as follows: simple detorsion, 19; detorsion and fixation of the 

ascending colon. 9; duodenojejunostomv, 1, and detorsion 
and duodenojejunostomy, 1 . 


Duodenal Obstruction Due to iW 
1932. Superadded Volvulus, J. Australia 2:18, 


I 4 Total VqU-uIus. Am. J. Surg, 16:34. 1932. 

Kbr. 48..72™"922” gesamten Dtinndarms, Deutsche med. lYchn- 
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Acute obstruction to the colon seconclaiy to reversed rotation may 
be recognized at operation by the enormous dilatation of the mobile 
cecum and ascending colon, the distention ending abruptly at the point 
where the transverse colon passes under the duodenum. In our series only 
2 of the 10 patients with this condition survived. One of these was 
treated by reduction of the kink in the colon and cecopexy (Serck- 
Hanssen : the other, by lateral colocolostomy (Peigneaux and 
Fruchard ; complete relief of S3nnptoms occurred in both cases. 
Either of these forms of treatment may be applied in the early cases, 
but in obstructions of long duration a temporary cecostomy after 
untwisting of the mobile cecum is probably the procedure of choice. 
This relieves the acute obstruction and also fixes the cecum in normal 
position SO as to prevent a recurrence. In such condition it is impossible 
to replace the colon in its normal position. 

In the case of duodenal obstruction caused by abnormal intestinal 
fixation, release of the obstruction by freeing the duodenum from 
its attachment to the parietal peritoneum is the procedure of choice. 
Duodenojejunostoni}’’ ma}' be performed as an alternative. Of the 4 
patients with this condition who survived operation 1 had had a duodeno- 
jejunostomy, while the other 3 had had simple release of the abnormal 
duodenal attachment. 

Prognosis. — The prognosis in obstruction to the intestinal tract sub- 
sequent to anomalies of rotation depends on the level, the degree of 
obstruction, the presence or absence of strangulation and the time of 
operation after the onset of symptoms. All the patients not operated 
on died. Of the 32 patients with volvulus neonatorum reported within 
the first months of life 16 died without operation, and of the 16 operated 
on 8, or 50 per cent, recovered. Of the 17 patients in an age group 
between 3 and 27 years with volvulus and with symptoms of duodenal 
obstruction dating from birth, 8 died without operation during acute 
exacerbation of their attacks. Eight, or 88 per cent, of the 9 operated 
on survived and were cured. Of the 39 adults in whom the condition 
occurred, 8 died without operation, and of the remaining 31 operate 
on 14, or 45 per cent, recovered. In the group of 88 cases of volvu us 
of the entire mesentery 32 patients died without operation, and of 56 
subjected to operation 30, or 53 per cent, survived and were cured. 
Three of the 10 patients with reversed rotation and obstruction o le 
colon died without operation and only 2, or 28 per cent of the opera 
on, survived. Of the 7 patients with duodenal obstruction caused ly 
abnormal intestinal fixation 1 died without operation and 4, or 66 per 
cent, of the 6 operated on survived and were cured. In the entire s 

45. Serck-Hanssen, Trygne; Retroposition Coli, Volvulus Coeci, Med. Rev., 
Bergen 43:557, 1926. ’ 
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of 105 cases 36 patients died without operation, while 36, or 52 per cent, 
of the 69 subjected to operation survived and were relieved of all 
symptoms. 

SUMMARY 

1. A precise knowledge of the possibilities of derangement of the 
intestinal tract incident to anomalies of intestinal rotation is essential. 

2. The stages in normal intestinal rotation and the possibilities of 
abnormality in each are described. 

3. Two cases of volvulus of the entire mesentery secondary to 
abnormalities of intestinal rotation with symptoms of chronic duodenal 
obstruction seen by us are presented in detail. 

4. One hundred and five cases of intestinal obstruction incident to 
abnormalities of intestinal rotation are collected from the literature. 
Eighty-eight of these were caused by volvulus of the entire mesentery. 
10 by obstruction to the transverse colon secondary to reversed rotation 
and 7 by obstruction of the duodenum by abnormal intestinal fixation. 

5. Symptoms of acute intestinal obstruction may accompany volvulus 
of the entire mesentery. !More often the picture is that of acute, 
chronic or intermittent obstruction of the duodenum below the ampulla 
without any of the usual evidences of volvulus. 

6. Correct preoperative diagnosis of the cases causing duodenal 
obstruction should be made. 

7. Operative treatment for each form of obstruction is considered. 
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I he fact that the sensations of touch, pain and temperature eventu- 
ally return in skin grafts and in pedunculated flaps of skin ^ and sub- 
cutaneous tissue after transplantation has been known to surgeons for 
a long time, but so far as we are able to ascertain, no attempt has been 
made to find out what the earl)'^ sensations are in pedunculated flaps 
and what relationship these sensations have to each other. 

Sei^eral years ago, we began to gather from our clinical work in 
plastic surgery data which could eventually be analyzed and from which 
we hoped to obtain definite information as to these points. A large 
amount of material has been accumulated, and from this we have 
selected small groups of flaps of different types, which are typical and 
which indicate the results obtained. 

It will be noted that the observations listed in this report deal 
entirely with pedunculated flaps and are largely for the purpose of 
determining the early relationship of the sensations of touch, pain and 
temperature. The majority of the observations were made quite earty 
on flaps in which the transfer was delayed, such as tubed flaps, while 
other observations were made on flaps wliich were immediately trans- 
ferred to fill the defect for which they were prepared. However, in 
some tubed flaps it Avas possible to make observations months after the}'^ 
were formed but still before their transplantation. 

The regeneration of sensations in skin grafts and in transplanted 
flaps in which the pedicles have been divided has been considered in 
another report. - 

Since the work of Head and his associates the subject of thegeneial 
sensations in the skin has received much attention, and controversies 
have arisen about the relationship of the sensations to each other after 

1. A flap of skin is an area of skin and subcutaneous tissue attached at some 
portion of its periphery or base by a pedicle or pedicles, through which it receix es 
its blood supply and which can be shifted only so far as the pedicle allows.^ ^ 

2. Davis, John Staige, and Kitlowski, E. A. : Regeneration of Nerves in Skin 
Grafts and Skin Flaps, Am. J. Surg. 24:501 (May) 1934. 

2a. Head, Henry, and others : Studies in Neurology, New York, O.vfor m 
versity Press, 1920, vol. 1. 
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nen’es have been cut and sutured. Trotter and Davies,^ Boring ■* and 
Cobb = question the disassociation theorj^ of Head and believe that the 
region of sensory loss is approximately the same for all forms of sensi- 
biliU-. The whole subject has been ably summarized^ by Lee m his 
report “The Regeneration of Nen'ous Tissue.” Like Trotter and 
Davies and Boring, we have secured results similar to Head, using the 
same methods, which all agree are verj' satisfactory^ clinically. A brief 
explanation of the different t}'pes of sensibilities, as postulated b\ Head 
and his associates and by Lickley,* is as follows : 

Epicritic sensibilit)^ refers to the finely graded and definitely local- 
ized sensations of tactile impressions and mild degrees of heat and cold. 
This sensibility exists in the skin only. 

Protopathic sensibilitj- refers to the sensations of pain and extreme 
degrees of heat and cold. This sensibility is the more primitive, existing 
in the skin and in the viscera, and acts as a defensive agency against 
pathologic changes in the tissues. 

A third system of general sensations existing at the periphery, 
known as the deep set, arising from the muscles, joints, etc., conveys 
the sensibilities of position, deep pressure and pain and movements in the 
muscles, joints and tendons. 

These sensations may be stimulated in groups or individually, 
depending on the type and intensity of the stimuli. A very' light touch 
which does not depress the skin or disturb the hair on the skin is 
reported by the epicritic system. If the touch is pressure which causes 
a depression in the surface of the skin, it is reported by the epicritic 
system which definitely localizes it and also by the deep system reporting 
pressure. If the pressure is more severe, causing pain, it is reported b}" 
the epicritic system which localizes the spot and by the deep system 
which reports pain. If the epicritic system is eliminated by some cause, 
the pressure is reported as coming grossly from a certain region, but 
without accurate localization of the exact area. If there is gentle touch 
only and the epicritic system is not functioning, there will be no con- 
sciousness of touch. 

The sensation of pain as elicited by the prick of a sharp pointed 
instrutrent, as a needle or pin, is reported by the protopatliic system. 

3. Trotter, W., and Davies, H. M.: Experimental Studies in the Inner^•at^on 
oi the Skm, J. Physiol. 38:134. 1909. 

4. Boring, E. G.: Cutaneous Sensation After Nen-e Divisions, Quart T 
Expcr. Physiol. 10:1, 1916. 

X Cobb S.: Cutaneous Sensibility in Cases of Peripheral Nei^-e Iniurv Arch 

Neurol. & Psychiat. 2:505 (Nov.) 1919. 

(Octu 9 i/' Regeneration of Ners-ous Tissue, Physiol. Rev. 9:575 

19.1h' R'en-ous System, New York, Longmans, Green & Co., 
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The epicritic system accurately localizes the point because the stimulus 
arouses this system when it touches the skin before causing pain. The 
deep system is also brought into action by the pressure of the instru- 
ment, and if the stimulus is very severe that system also reports pain. 
Absence of the epicritic system causes pain to be reported in a general 
region without accurate information about the exact area. If both the 
epicritic and the protopathic systems are not functioning the prick is 
reported as pressure unless the stimulus is very intense, when it is recog- 
nized as pain. This stimulus must, however, be so intense as to injure 
tissue before it is recognized. Thus an area lacking the epicritic and 
protopathic sensations can be incised, the patient feeling pressure only. 

METHODS OF TESTING 

In view of the difficulties necessarily encountered in testing the 
flaps, we determined to limit our investigations to sensations of touch, 
pain and temperature. In order to test for both the epicritic and the 
protopathic S3'Stems as defined by Head and others,?-: we limited our test 
of touch to epicritic touch and used the prick test to elicit pain as an 
expression of the protopathic system. The tests of temperature were 
made with extremes of heat and cold and are an expression of the 
protopathic system. 

Before beginning the tests every effort was made to obtain the cooperation and 
interest of the patient. All the patients, as will be noted in the time after operation 
in which the test was performed, had recently undergone some more or less 
unpleasant operative experience, and it was necessary to assure them that these 
tests would not cause further pain or be distressing to them in any way. The 
tests were carefully explained and demonstrated in full view of the patient so that 
each one would understand what was desired. The patient was then placed in the 
most comfortable position possible and asked to report with a simple “yes” or “no” 
concerning the sensation. The tests were carried out in a quiet room, and the 
patient was not permitted to observe the actions of the operator, so that the replies 
w'ould not be influenced by what was seen. If a patient showed a tendency to tire 
or to permit his attention to wander, the test was stopped and resumed after a 
short period of rest. The tests were made by one of us (E. A. K.) in order to 
eliminate any difference in personal error. 

Light touch was tested by the use of a bit of cotton wrapped around the end of 
a toothpick and frayed so that wisps of the cotton alone touched the skin. The 
sensation of touch can be elicited in several ways : by touching the skin, by pressing 
on the skin and by touching the hairs of the skin. Any pressure, however, slight, 
which causes a depression in the surface of the skin, produces a sensation of touch 
which is reported through the protopathic system. A more intense pressure elicits 
an additional response from the system of deep sensibility located in the tissues 
underlying the skin. Touch is also reported by sensory nerve organs at the bases 
of hairs, believed to belong to the protopathic system, which are, stimulated by any 
movement of the hairs. The sensation of light touch not conveyed by pressure or 
movement of the hairs is a finer tactile impression which is carried by the epicritic 
system. It was this light touch which we tested. The wisps of cotton were applied 
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gentlv to the skin, and the patient was asked to report whether he Wt them or not. 
As a rule the areas used for securing flaps were not hairy and, m addition, had 
been shaved before operation so that the hairs were not a factor in our tests. 
Inasmuch as we were interested in the gross data only, tests with von Frey hairs 
were not used. The wisps of cotton were gently applied to the skin until a point 
was reached at which the patient did not feel the touch. This point w^s then 
marked with 5 per cent solution of brilliant green in alcohol applied with the point 
of a toothpick. The process was repeated until the whole flap had beim tested. 
The points were then joiped, and the line so formed indicated the limit of the 


sensation of touch. 

Sensibilitj' to pain was tested by pricking the skin with a sharp pointed pin or 
needle. The patient was first instructed to distinguish between prick and touch. 
No effort was made in these tests to determine the intensity of the pain, and we 
were careful to make sure that the patient could distinguish between sharpness and 
soreness. The pressure applied was so slight that the sensation of pain ivhich is 
elicited by pressure was not produced in our tests. The skin was pricked gently 
over the entire area, and the points at which pain was no longer felt were marked. 
This procedure was repeated a number of times over the same part to make sure 
that no pain spot was missed. 

The sensibility to heat and cold was tested bj' means of ordinary test tubes con- 
taining cracked ice or hot water. This method is useful in securing only the 
coarsest observations since it is impossible to record the exact temperature as the 
glass will be of a different temperature from the contents when it comes in contact 
with the skin. The extremes of temperature gave information about the protopathic 
system. We did not test with moderate degrees of heat or cold, sensations which 
are conveyed by the epicritic system. The test tubes were placed on the skin and 
moved from spot to spot until the patient did not feel either heat or cold. The test 
was performed first with the cold and then with the hot tube. We did not attempt 
to separate the two sensations in our tracings. The end of a test tube is rather 
l^rge, so that the findings could not be very accurate, and we simply noted their 
location in regard to the limits of the sensations of light touch and pain. 

•A-fter the sensations had been tested and their limits marked, a piece of 
perforated cellosilk was placed over or around the flap, and the lines traced on it 
with brilliant green. The tracings were then transferred to sheets of paper and 
labeled. 


observations 


\\ e hat e grouped the data secured into three divisions depending on 
the types of flaps tested: (1) single-pedided flaps, (2) double-pedided 
naps and (3) tubed flaps. 

Swglc-Pcdtdcd Flaps.—These flaps are tonguelike areas of skin and 
subcutaneous tissue which are raised and have a single pedicle. They 
either were transferred immediately or were sutured back and the 
transfer was delayed. 

The flaps raised in the temporal region were in an area innert'ated 
h tc trige minal nerve. They were usually formed over the temporal 

Him ■ '^’"'‘^'■^“chungen fiber die Sinnesfunctionen der menschlichen 

H-t. Abhand,. d. math.- phy. Cl. d. k. sacks. Gesellsch. d. WissenscT S, 
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aitciy in the direction it follows on the head. The innervation of the 
upper portion of the flap was cut across so that there was very little 
sensation left. 

The flaps on the abdominal wall were raised with the pedicles more 
or less in a line with the courses of the nerves so that the innervation 
extended down the flaps almost to the ends, if they were short. In 
cases 5 and 6, the flaps were longer and more narrow in proportion, 
so that the innervation was destro)'ed. In case 8, the flap was wider 
than it was long and sensations were present over seven tenths of its 
length even though it had been raised across its innervation. 

Summar}'’: All the single-pedicled flaps were utilized either imme- 
diately or within two weeks after their formation so that regenei-ation 
of sensations was not found in anj' of them. 


Table 1. — Siiiffle-Pcdiclcd Flaps 



.Case 

Age 

SC-K 

Date of 
Formation 

Length Width 
of Flap, of Flap, Time, 
Cm. Cm. Days 

Distance from 
Pedicle* 

, _« 

Prick Touch 

Flaps raised in the 

1 

49 

JI 

2/13/30 

8.2 

2.2 

12 

3.0 

2.6 

temporal region 

2 

60 

M 

4/20/2S 

8.0 

2.0 

10 

2.1 

1.5 

Flaps raised on the 

3 

46 

JI 

1/ 4/27 

6.0 

3.4 

13 

4.1 

3.6 

abdominal nail 

i 

34 

M 

1/10/28 

6.0 

4.0 

14 

5.0 

4.4 

6 

29 

M 

1/25/28 

6/22/27 

12.0 

3.2 

4 

4.0 

3.5 


6 

22 

M 

10.0 

5.4 

10 

4.5 

4.0 


7 

32 

M 

3/23/27 

8.5 


IS 

6.0 

t).0 


8 

57 

M 

11/21/28 

10.5 

12.0 

7 

7.2 

4.6 


9 

44 

M 

2/14/33 

8.0 

5.0 

9 

3.0 

2.5 


* The figures indicate in centimeters the distances from the pedicle at which sensations were 
present on the fiap. 


The extent of the loss of sensations depended on the extent to which 
destruction of the nerves occurred. If only the smaller branches of the 
peripheral nerves were traumatized, the destruction of sensations was 
lessened. If a flap was cut broad and short the nerve branches in the 
major portion of the flap were not injured, and the sensations were 
present over a greater area than if a very narrow and long flap was 
formed. The temperature sensations were found between the lines of 
touch and pain. 

Double-Pedicled Flaps . — These flaps are areas of skin and subcu- 
taneous tissue which are raised between two parallel incisions and which 
have a pedicle at each end continuous with the skin. The flaps were 
either sutured back into their original beds to be used later, and at the 
proper time after one pedicle had been divided were shifted and sutured 
into their new position, or they were transferred immediately, being 
used as a “gauntlet.” In order to simplify the neurologic survey the 
data on double-pedicled flaps are grouped into three tables depending 
on the anatomic region in .which the flaps were raised. 
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Fig. 1 (case 3, table 1).— A single-pedicled flap raised on the abdominal wall 
and immediately transferred to the finger. The curved line P indicates the limit 
of prick on the flap. The curv’ed line T indicates the limit of epicritic touch. The 
tests were performed on the thirteenth day. The drawing shows the actual size of 
the flap and of the finger. 



Fig. 2 (case 8, table 1). — ^The outside line shows the delayed transfer flap with 
a single pedicle formed on the abdominal wall. The cur\'ed line P shows the limit 
of prick sensation. The curved line T shows the limit of light touch. The tests 
were made seven days after the flap was raised and replaced in its own bed but 
I'cforc it was transferred to the hand for which it was planned. Note the types of 
curves developed in the tests. The illustration is one-half the actual size of the 
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1 he flaps raised on the forehead were made from the root of the 
nose obliquely toward the hair-line. This area is innervated by the tri- 
geminal nerve, which is sensory. In case 1 the flap was raised in the 
temporal region from in front of the ear toward the hair-line. With 
that exception all the flaps reported on in table 2 were supplied by both 
trigeminal nerves. All these flaps were sutured back after being formed; 
in other words, the transfer was delayed. 

“Upper end” indicates the end of the flap near the hair-line and 
“lower end” refers to the end near the nose. In case 1, the upper 
end was on the forehead and the lower end was in front of the ear. 


Table 2. — Dotible-Pcdiclcd Flaps Raised on the Forehead 






Length 

Width 


Upper End* 

Lower End* 




Date of 

of Flap, 

of Flap, 

Time, 












Case 

Age 

Sex Formation 

Cm. 

Cm. 

Days 

Prick 

Touch 

Prick Touch 

1 

25 

M 

12/15/30 

9.5 

2.5 

13 

0.5 

0.0 

1.5 

1.0 

2 

34 

M 

3/21/28 

7.5 

2.5 

8 

1.0 

0.5 

1.4 

1.1 

3 

48 

F 

5/1C/28 

7.2 

2.4 

7 

0.8 

0.2 

1.5 

1.0 

4 

55 

M 

11/28/32 

7.7 

2.4 

10 

1.0 

0.5 

0.5 

0.0 

5 

30 

F 

12/31/27 

6.7 

2.6 

10 

0.8 

0.4 

1.2 

0.7 

c 

30 

M 

4/ 0/31 

7.3 

2.4 

12 

0.0 

0.2 

1.1 

0.4 

* Tho figures Indicate 
were present on tho flap. 

in centimeters the 

distances 

from 

the pedicle at 

which 

sensations 



Table 3.— 

-Double-Pedicled Flaps Raised on the Abdominal Wall. 


Case 

Age 

Sex 

Date of 
Formation 

Length Width 
of Flap, of Flap, 
Cm. Cm. 

Upper End* Lower End* 

Time, 1 ^ — * > , *- , 

Days Prick Touch Prick Touch 

1 

26 

M 

3/31/30 

11.8 5.5 

10 5.5 6.0 2.0 

1.5 

2 

29 

F 

4/13/27 

17.0 8.0 

10 4.2 3.5 4.0 

3.2 

3 

34 

M 

1/ 9/28 

13.5 6.2 

8 4.0 3.5 5.0 

4.5 

4 

55 

M 

7/14/30 

11.0 6.0 

26 Xo change 

15 3.5 3.0 2.6 

2.0 


* Tho figures indicate in centimeters the distances from the pedicle at which sensations 
were present on the fiap. 


The innervation was cut in raising all these flaps. The lower ends of 
all, except the flaps in case 1, were in areas supplied by the trigeminal 
nerves of the other side. This accounts for the nearly complete absence 
of sensations in these flaps. On account of the necessity of transfer 
within two weeks none were preserved long enough to determine what 
the rate of regeneration would be. 

The double-pedicled flaps raised on the abdominal wall were all 
used as gauntlet flaps and transferred immediately on the hand. The 
innervation of this area is from the anterior terminal branches and 
the lateral branches of the ninth, tenth, eleventh and twelfth thoracic 
nerves. All these are mixed sensory and motor nerves. 

These flaps were raised with the upper ends near the midline of the 
abdominal wall toward the costal margins and the lower ends toward 
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the Sank almost at tight angles to the courses of the ^ 

however, prevented the complete loss of sensations. There 

regeneration after twenty-six days. .„irtu ti-mracic 

These areas are inner%^ated by the eleventh and twelfth thoracic 

nerves, the lateral cutaneous nerve of the thigh, the genitofennoral ner^e, 

Table ^.-Doubk-Pcdtded Fl aps Raised from the Thigh. Calf and Leg _ 

Lower End* 


Width 


Upper End* 


Case 

TWgh 

1 


Age 


Ses 

Date ol 
Forruatloa 

ot Flap, 
Cm. 

ot nap, Time, 
Cm. Days 

'prick 

> 

Touch 

Prick 

Touch 

M 

M 

1/ 5/27 

IZI 5/32 

23.0 

7.0 

12.0 

5.0 

10 

10 

11.0 

2.6 

6.5 

2.0 

1.0 

1.9 

0.0 

1.3 

SI 

SI 

SI 

11/ 8/29 

1/ 8/29 
12/30/29 

12.6 

10.5 

13.0 

5.5 

5.2 

6.0 

10 

12 

11 

3.7 

3.5 

4.1 

3.2 

2.7 

3.5 

1.4 

1.5 

1.0 

1.2 

1.1 


2S 

2 50 
Call ol leg 

3 21 

4 21 

5 21 

* The figures indicate in centimeters the distances trom the pedicle at whieli sensations 
were present on the flap. 



Fig, 3 (case 1, table 4). — Delayed transfer flap with a double pedicle raised 
from the thigh. A shaped piece of rubber dam had been placed between the flap 
and thigh. The curves marked on the flap indicate the limits of the sensations. 
The lines I and i' show the limit of prick sensation. The lines 2 and 2' show the 
limit of temperature sensation. The lines 3 and 3' show the limit of light touch 
sensation. Note that at the lower end of the flap toward the knee the sensations 
are absent beyond the limit of the flap. The readings were taken on the tenth dav 
after raising the flap. 

the intermediate and medial rami of the femoral nerve, the lateral 
cutaneous nerve of the leg, the saphenous nerve and the superficial 
peroneal ner\'e. The lateral cutaneous nerve of the thigh is a sensory 
nerve, and all the others are mixed sensory- and motor nerves. 

“Upper end” refers to the end of the flap highest up on the extrem- 
ity. All these flaps were formed in a direction parallel to the course of 

the nerves. The upper ends therefore have much more innervation than 
the lower. 
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Summary : All the double-pedicled flaps with the exception of those 
raised on the thigh and leg were formed across the courses of the nerves. 
The flaps on the forehead were narrow and had very little sensation. 
Those on the abdominal wall were half as broad as long and had sensa- 
tions in both pedicles even though they had been raised across the 
courses of the nerves. The upper ends of the flaps raised on the thigh 
had more sensation than the lower ends because they were formed in a 
direction parallel to the course of the nerves. 

Tubed Flaps . — Tubed flaps are double-pedicled flaps in which the 
edges are sutured margin to margin, thus making a tube completely 
covered by skin and enclosing the subcutaneous tissue. The transfer 
on all tubed flaps is necessarily delayed. The data on the tubed flaps 
are grouped into four tables depending on the anatomic areas in which 
the flaps were raised. 


Table 5. — Tubed Flaps on the Neck 


Case 

Age 

Sex 

Date of 
Formation 

1 

S 


3/14/27 

2 

48 

M 

12/16/20 

3 

6 

r 

1/18/29 

i 

16 

F 

4/ 2/28 


Length 

Circum- 


of Tube, 

ference, 


Cm. 

Cm. 

Time 

11.5 

4.5 

13 days 

11.0 

4.3 

12 days 

10.7 

4.0 

10 days 

10.3 

4.6 

4 days 


4.4 

1 mo. 


4.3 

7 mos. 


Upper End* Lower End* 

K K 


Prick 

Touch 

'prick 

Touch 

2.5 

2.2 

2.4 

2.0 

2.4 

1.5 

2.0 

1.6 

2.3 

1.8 

2.0 

1.3 

2.0 

1.0 

1.0 

0.5 

2.7 

2.2 

1.8 

1.0 


Sensations oil present 


* The figures indicate In centimeters the distances from the pedicle at which sensations 
were present on the fiap. 


The flaps were often formed with the upper pedicle behind the ear 
at about the level of the hair-line and ran from this point diagonally 
across the neck with the lower pedicle above or below the clavicle. 
These flaps were usually raised in the area innervated by the anterior 
branches of the second, third and fourth cervical nerves, which help to 
form the cervical plexus and emerge as the following cutaneous nerves : 
the lesser occipital, the great auricular, the cutaneous nerve of the neck 
and the supraclavicular nerves. These are all pure sensory nerves. 

“Upper end” refers to the end of the tube on the head and “lower 
end,” to the end on the neck or chest. The sensation of temperature 
was felt between the lines of prick and touch. 

These tubes were raised across the courses of the cutaneous nerves 
destroying the innervation along the shafts and leaving only a short 
portion with sensations at each end. More than half of the length of 
every tube was without sensations. 

Inasmuch as these four tubes are all approximately the same length 
and circumference, we can consider the regeneration as one complete 
picture. Apparently there was no regeneration of sensations in from 
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lour to ten days. The slight edema present after the formation of the 
tube could account for the difference in the readings at four and at ten 
days by causing a dulness which would obscure the definite limit of 
sensation. In one month there was a definite advance in the returning 
sensations, and they had completely returned in seven months. The sen- 
sations must have been carried in by the great auricular ner\-e above 
and the middle and anterior supraclavicular nerves below, since the 
pedicles were in the regions innervated by these nen'es. 

The flaps raised on the arm were made on the inner side with the 
upper pedicle near the axilla and the lower toward the elbow. This 
area is innen-ated by the axillar)- nen-e, the posterior cutaneous nerve 
of the arm, the medial cutaneous nen'e of the arm and forearm and 



A ' B 


Fig. 4 (case 4, table 5). — Tracings of sensation tests on a tubed flap raised from 
the neck (one-half actual size). P and T indicate the lines of prick and light touch 
sensation on the upper end of the tube. P' and T' indicate the lines of prick and 
touch on the lower end of the tube. A shows the tracing made four days after the 
tube was formed ; B, the tracing on the same tube made one month after the tube 
was raised. Note that the sensations do not advance in even, regular lines. The 
readings taken for the tables are the points of greatest advance measured from the 
base of the tube. The sensations advance from both ends, finally meeting some- 
where on the shaft. There has been an appreciable gain in sensations during one 
month as can be noted by comparing A and B. The tracings were made on trans- 
parent material which was wrapped around the tubed flap and then spread out and 
rcdrau-n. 

the intercostobrachial nerve. The axillan- and the posterior cutaneous 
nerves are mixed nerves while the others are pure sensory nerves. 

_ “Upper end” refers to the end of the tube toward tlie axilla and 
lower end,” to the end of the tube toward the elbow. The sensation 
of temperature was felt between the lines of touch and prick. 
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These tubes were raised in a direction about parallel to the course 
of the nerves so that the innervation of the skin used in the tubes was 
not as greatly interfered with as in the first series of tubed flaps 


Table 6. — Tubed Flaps Raised on the Ami 






Length 

Olrcum- 


Upper End* 

Ix)wer End* 




Date ol 

of Tube, 

fcrcncc, 


t ■ ■ 

> 



, 

Case 

Age 

Sex 

Formation 

Cm. 

Cm. 

Time 

Prick 

Touch 

Prick 

Touch 

1 

25 


1/22/30 

10.0 

4.0 

10 days 

5.1 

4.5 

2.7 

2.3 

O 

35 

F 

10/ 9/20 

10.2 

4.3 

7 days 

5.0 

4.4 

2.5 

2.0 

3 

32 

F 

0/21/29 

10.4 

4.0 

0 days 

5.4 

4.7 

2.0 

2.2 

4 

31 

F 

2/10/32 

10.0 

4.3 

10 days 

4.8 

4.2 

3.0 

2.4 

5 

21 


2 / 13/33 

in. 2 

5.1 

2 days 

0.1 

6.0 

3.1 

2.5 






5.0 

11 days 

0.3 

5.2 

3.2 

2.7 






4.8 

1 mo. 

0.8 

6.5 

3.5 

3.0 


* Thfl figures Indlentc in eontlmctcrs the distances from the pedicle at which sensations 
were present on the flap. 






-T 



-p T- 



P- 



1 

r 



-r T' 


A 

\ 

1 

B 


Fig. 5 (case 5, table 6).— Tracings of tests on a tubed flap raised from the arm 
(one-half actual size). P and T are the limits of prick and light touch on the 
upper end of the tube, and P' and T' are the limits of these sensations on the lower 
end of the tube. A shows the curves after two days; B, the curves after one 
month. There has been a fairly marked gain in sensations on the upper end of the 
flap after one month, while on the lower end the gain has been much less marked. 
The sensations of heat and cold are found between the curves of prick and light 
touch. Note that the sensations in this flap are farther down the shaft of the tube 
than in figure 4 because the flap was cut in the direction of the course of the 
innervating nerves, while the flap in figure 4 was cut across the nerves. 


(table 5). The innervation of this series is therefore more completel}'' 
present on the tubed flaps, as can be seen from the table. The differ- 
ence in the readings in case 5 for two days and eleven days can be 
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accounted for by the disappearance of the edema which may have 
partly numbed the tube.® There was apparently some regeneration of 
sensations after one month. 


Table 7. — Tubed FIa(>s Raised on the Abdoiniml Wall 






Length 

Circum- 


Upper End* 

I^wer End* 




Date of 

of Tube, ference. 



> ^ 

r 

.K 

Case 

Age 

Sex 

Dormation 

Cm. 

Cm. 

Time 

Erick 

Touch 

Prick 

Touch 

1 

12 

T 

S/25/27 

14.0 

4.5 

10 days 

4.2 

3.7 

2,7 

2.3 

2 

12 

J1 

6/1S/26 

13.0 

5.0 

9 days 

3.S 

3.2 

3.0 

2.5 

3 

26 

M 

otm^ 

14.2 

5.0 

10 days 

3.0 

2-5 

2.6 

2,3 

4 

16 

M 

imiis 

12.5 

5.1 

12 days 

8.2 

2.5 

2.0 

1.5 

5 

17 

M 

3/13/31 

10.5 

5.5 

10 days 

2.S 

2.4 

1.8 

1.2 






5.2 

3 mos. 

3.7 

3,3 

3.0 

2.4 

6 

42 

M 

4/ 6/32 

12.0 

6.0 

6 days 

3.5 

2.3 

1.5 

1.0 






5,5 

7 mos. 

5.3 

4.7 

3.0 

2.7 


* Th 0 fleures indicate in centimeters the distances from the pedicle at which sensations 
were present on the flap. 







abdominal Si r ’ ^ 

tions of tSl dTt ^ ^ ’■“•its ‘he sensa- 

and P' nn 1 r- ‘“he near the costal margin 

on the abdoIitTl it 4 sensations at the lower end of the tSie 

tube ifa trTr ' A ^ formation of the 

uneven I n T T formation of the tube. Note the 

The sensations were coming SsWr 
area. ^ parallel to the normal course of the nerves in this 


raised on the abdominal ivall extend from the m 
on the nndaxillary line diagonally across the abdon 

toward the pubis for var^'ing distances but ne- 
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beyond the midlinc. This area is innervated hy the anterior terminal 
branches and, the lateral branches of the ninth, tenth, eleventh and 
twelfth thoracic nerves. All of these nerves are mixed nerv'es. 

“Upper end” refers to the end of the tube near the costal margin 
and “lower end,” to the end toward the pubis. The temperature sensa- 
tions were felt between the lines of light touch and prick. 

These tubes were raised across tlic courses of the nerves so that the 
innervation to the greater part of the tubes was destroyed. About one 
half of the tube did not have sensation. The sensations regenerate 
from both ends gradually toward the center of the shaft of the tube. 
The upper end retains its sensations for a longer distance than the 
lower end because this end is more in line with the course of the 
nerves. In case 5 the sensations came back in about two thirds of 
the tube in three months, and in case 6 they regenerated in about three 
fourths of the tube in seven months. It would probably take about one 
year for the sensations to return completely. 


Table 8. — Tubed flaps Raised on the Back 


Case 

Age 

Sex 

Date of 
Formation 

1 

28 

F 

5/10/27 

2 

43 

F 

5/ 3/27 

3 

48 

M 

3/ 2/26 


Length 

Circum- 


of Tube, 

ference, 


Cm. 

Cm. 

Time 

42.0 

5.2 

3 wks. 

35.5 

6.0 

3 mos. 

18.0 

5.0 

17 mos. 


Upper End* I,ower End* 

I j , I , 

Prick Touch Prick Touch 

8.5 3.0 4.3 3.5 

6.5 4.5 7.0 6.0 

Sensations ail present 


* Tho figures indicate in centimeters the distances from the pedicle at which sensations 
were present on the flap. 


The tubed flaps raised on the back were elevated at the level of 
the shoulder and extended down for varying lengths usually to the 
level of the sixth rib. This area is innervated by the posterior branches 
of the fourth, fifth and sixth cervical nerves and the posterior rami of 
the thoracic nerves. These nerves are all mixed nerves. 

“Upper end” refers to the end of the tube near the shoulder and 
“lower end” to the end down the back. The temperature sensations 
were found to be present between the lines of prick and touch sensa- 
tion. In cases 1 and 2 the tubes were of considerable length and were 
formed with islands of tissue about half way down by de River’s 
method, thus forming really two tubes. Sensations were absent in 
these islands of skin. 

These tubes were formed across the courses of the nerves so that 
most of the innervation was destroyed. Sensations were therefore 
present only a short distance on the tubes. In case 3 the tube was 
shorter and the sensations were all present in seventeen months. 

Summarj^: All the tubed flaps are of about the same length and 
diameter, with the exception of those raised on the back. Healing was 
by first intention without infection. 
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Tayo factors influence the regeneration of sensations; the relation 
of the direction of the tubed flaps to the course of innervating nei^es, 
and the type of innervation. All the tubes Avith the exception of those 
raised on L arm and the upper ends of those raised on the abdominal 
Avail Avere formed across the courses of the innervating nerves. Ihe 
tubed flaps Avith the exception of those raised on the neck Avere in areas 
innervated by mixed nerves. The area on the neck Avhere the flaps 



Fig. 7 (case 2, table S). — Tracings of tests on a tubed flap raised from the 
back, after three months (one-half actual size). P and T indicate the limits of 
prick and light touch on the upper end of the tube raised on the back. P' and T' 
indicate the limits of these sensations on the lower end of the tube. The broken 
line represents the length of the shaft which is not shown in the draiving. This 
tube was 35.5 cm. in length. 


Avere raised is innervated by pure sensory nerves. The tubes on 'fhe 
arm Avere not formed in the areas of the sensory nerves. 

When the tubed flaps Avere formed across the paths of. the nerA>^es 
most of the innen-ation was destroyed regardless of the type of. inner- 
vation. The tubes on the arm (table 6), AA-bich Avere raised in the 
direction of the nerA-es, had sensations for much longer distances than 
any of the others. The upper ends of the tubes raised on the abdominal 
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wall (table 7) had sensations for longer distances in proportion to 
the sensations of their lower ends than any of the other sets of tubed 
flaps. 

The regeneration of sensations was much more rapid in the tubes 
raised in the areas of pure sensory nerves than in the areas inner- 
vated by mixed nerves. In case 4, table 5, a tube 10.3 cm. long had 
recovered its sensations in seven months, whereas a tube 12 cm. long 
on the abdominal wall (case 6, table 7) had recovered sensations for 
about three fourths of its length in the same time. A tube 18 cm. 
long on the back (case 3, table 8) had recovered sensation in seventeen 
months, a much slower rate of recovery than that for the tube on the 
neck (case 4, table 5), which was 10.3 cm. long. 

The measurements of the circumferences of the flaps show that 
there is a slight shrinkage in the tubes due to the contracting scar; 
this is not great enough to contraindicate the preservation of tubes over 
long periods of time. 

comment 

The loss of epicritic touch always exceeded the loss of pain in all 
the pedunculated flaps tested, and the regeneration of the sensation of 
pain was always first in all the flaps in which regeneration had taken 
place. 

A review of the anatom}'- of the superficial nerves will facilitate the 
explanation of this phenomenon." 

The general sensations represented at the periphery are carried by 
cutaneous nerves which are processes of bipolar cells located in the 
posterior root spinal ganglions. According to the most widely used 
theory there are two distinct superficial systems : the protopathic and 
the epicritic. The protopathic system is the more primitive, and 
through it the grosser forms of sensation are conveyed. It gives infor- 
mation of pain and of extreme degrees of heat and cold and is not 
sharply localized. The epicritic system carries information of finer 
tactile impressions and mild degrees of heat and cold and is finely 
graded and definitely localized. 

All these fibers enter the spinal cord through the posterior nerve 
roots, and a regrouping immediately takes place. All sensations of a 
similar nature, whether protopathic, epicritic or deep, are grouped 
together, with the exception of a few tactile fibers. There are only 
four groups in the spinal cord: thermal, pain, tactile and muscle sen- 
sations. The fibers carrying thermal, pain and tactile sensations end 
around cells at the tip of the posterior horn of the cord, and a new 
set of fibers from these cross to the opposite side of the cord to form 
the spinothalamic tracts. A few of the fibers of epicritic touch remain 
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on the same side of the cord with the fibers carrjdng muscle sensa- 
tions continuing up in the columns of Goll and Burdach which end m 
the medulla oblongata, in the gracile and cuneate nuclei. >vew fibers 
from these form the mesial fillet which is joined farther on by the 
spinothalamic tracts. In the pons and midbrain the mesial fillet is 
divided into two parts; mesial and lateral. The mesial part contains 
the fibers conveying muscle sensations, and the lateral part carries the 
thermal, pain and tactile sensations. The mesial fillet ends in the thala- 
mus, and new fibers carry the sensor^' impulses partly to the essential 
organ in the thalamus but mainly to the cerebral cortex. The thalamus 
has the power to recogniae certain sensations in a crude manner but is 
unable to localize them. The finer analysis of sensations is made in 
the cerebral cortex. 

If the spinal cord is injured general sensations will be lost to all 
parts the nerv'es of which enter the cord below the point of injvw)’. 
The demarcation will be the same for all sensations whether they are 
epicritic or protopathic because the sensations have already been 
regrouped according to kind. If a ners^e is injured before it reaches 
the cord, the loss of sensations will be in proportion to the extent to 
which they are carried by the nerves involved. The unit of proto- 
pathic supply lies in the posterior roots. No one nerve forms more 
than a tributary’’ supply of an area innervated by a plexus of nerves, 
and whenever a single peripheral nerve is destroyed the loss is not 
complete. Other branches of the same plexus carry pain fibers to the 
same area by a slightly different route, and these may not have been 
injured by the trauma. If the injur)' is extensive enough the area may 
lose all of its sensations, but the loss will not be as extensive as it 
would be if only one nerve carried all the sensations to that area. This 
also explains the more rapid regeneration of the protopathic sensations. 
Since the sensation of touch as elicited by light pressure is a proto- 
pathic sensation, many observers have been led to believe that light 
touch returns before or with pain instead of after it. 

The peripheral nerves form the units of epicritic supply. Each 
l>eripheral nerv'e carries the epicritic sensations from its own area, and 
the other nen,'es of the same plexus do not report from the same gen- 
eral area but from specific parts of that area. The loss of epicritic 
touch sensation is therefore more marked than that of prick or pain. 
Protopathic temperature sensations are reported in the same manner as 
pain. However, there are fewer nerve endings for temperature sensa- 
tions in the skin so that the limits are hard to locate, especially since the 
manner of testing involved some slight pressure when the skin was 
touched with the test tubes. 
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Cutting of the nerves causes a wallerian degeneration of the 
peripheral stump and some degeneration of the proximal ends. The 
peripheral stump degenerates rapidl)^ but all of its constituent parts 
do not disappear. The parts such as the axon and the myelin Avhich 
trophically depend on the nerve cell are destroyed, hut the parts which do 
not depend on the influence of the neuron undergo changes which 
leave them read}' to receive and guide the new axons when they begin 
to grow out. Tliere are tubes empty of axons waiting for the regener- 
ating axons to return to the end-organs. The new axons come in all 
directions in great disorder seeking the empty tubes and trying to 
connect with the end-organs. The end-organs apparently have some 
attraction for the axons so that the axons of epicritic touch seek the 
end-organs of the same sensation and so on. 

In the pedunculated tubed flaps formed across the nerve courses 
the empty nerve tubes were at right angles to the course of the regen- 
erating nerves. The regenerating nerve axons therefore had to come 
to the ends of the empty tubes and then go across to the nerve endings 
or make new channels directly to the end-organs. Either course would 
cause the regeneration to be much sloAver than if the direction of the 
empt}' tubes and that of the regenerating axons were the same. This 
was demonstrated in our cases. The tubed flaps raised on the neck 
and abdominal wall were formed across the course of the nerves while 
the tubed flaps raised on the arm were parallel to the course of the 
nerves. The regeneration of the sensations Avas much faster in the 
flaps on the arm than in either of the other two groups. 

Another factor enters into the rate of regeneration. Some of the 
peripheral nerves conveying general sensations come from nerves which 
are purely sensory while others come from nerves which also give 
motor fibers to muscles before ending in the sensory peripheral 
branches. These so-called motor nerves are apparently composed of 
both sensory and motor nerve fibers which separate at the cord. The 
rate of regeneration in these mixed nerves is slower than the rate 
in those which are parts of purely sensory nerves. The axons must 
experience greater difficulties in regenerating from the complex nerve 
stumps. We found that the rate of regeneration was much slorver in 
the flaps raised in the areas innervated by the mixed nerves. 

It is apparent from these tests that there is no evidence of regen- 
eration of the sensations until after the third week. A double-pedicle flap 
raised on the abdominal wall (case 3, table 3) showed no change in 
reactions to the tests twenty-six days after its formation. Tubed flaps 
showed an increase in sensations one month after formation. None of 

10. Ramon y Cajal, S. : Degeneration and Regeneration of the Nervous System, 
translated bA' R. M. May, New York, Oxford University Press, 1928, vol. 1. 
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the patients could be followed after their discharge froiu the hospital, 
so that tlie rate of regeneration cannot be calculated. In analyzing 
the flaps in which sensations have partly or completely returned, we can 
roughl}’ estimate the rate of regeneration at about 1 cm. per month. 
This naturally varies with the location, width and length of the flaps 
because all these factors aid or retard the growth of the axons. A 
tubed flap 10.3 cm. long and 4.6 cm. in circumference raised on the 
neck (case 4, table 5) showed a return of sensations of 1 cm. per month, 
A tubed flap 10.5 cm. long and 5.5 cm. in circumference raised on the 
abdominal wall (case 5, table 7) showed a return of sensations of 0./ 
cm. per month, and a second tube (case 6, table 7) 12 cm. long and 
6 cm. in circumference also raised on the abdominal wall showed a 
rate of regeneration of 0.5 cm. per month. Neither of these tubes had 
completely received their sensations at the time of the test, and it is 
problematic whether the rate would have changed later on if the tubed 
flaps had been kept intact. A tubed flap raised on the back (case 3, 
table S) had recovered all sensation after seventeen months. We do 
not know, however, when this return had been completed. 

The clinical value of these observations is important. Inasmuch as 
the nen^e supply in pedunculated flaps has been interfered with more 
or less seriously the patient is not warned by pain as to injury. There- 
fore great care must be exercised when handling flaps and applying 
dressings to avoid injury, because the normal sensations which would 
convey this information of danger are absent. Compresses which are 
too hot or dressings which are so tight as to interfere with circulation 
will not be noted by the patient. Tissues in which protopathic sensa- 
tions are lost apparently do not heal as readily as normal tissue. We 
have noted that tubed flaps transplanted after the sensations have 
completely returned appear to heal better than those transplanted before 
this regeneration has returned, but the fact that the blood supply in 
these flaps is also completely adequate must also be borne in mind.^- 
Apparently age has no influence on the amount of degeneration or 
on the rate of regeneration of superficial sensations. In our series, 
composed of patients ranging from 6 to 60 years, no definite difference 
was found. 


SUMMARY 

There are two superficial systems of peripheral sensations depend- 
ing on two sets of nen'es. The extent of loss of sensations depends on 

tl. The rate of regeneration as observed by us is considerably slower than that 
noted m the textbooks in which the rate is usually given as about 1 mm. per dav 
" '*^0 nerves have been divided and sutured. 

W.; Finesilver, E. M., and Davis, J. S.; The Establishment of 
culation jn Tubed Skm Flaps. An E.xperimental Studv, Arch. Sure SG*?? 
v.lan.) 1933. 
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the extent to which nerve destruction occurs. The degree of the loss 
depends to a certain extent on the direction of the pedunculated flap 
in regard to the direction of the innervating nerves. In pedunculated 
flaps the loss of i^ain is always greater than the loss of epicritic touch. 

Temperature sensations were usually found between the lines of 
prick and touch. The nerve supply in newly formed pedunculated flaps 
is usually interfered with to such a degree that every care must be taken 
to protect the flap from injury. The regeneration of sensation appears 
to be faster in flaps raised in areas innervated by pure sensory nerves 
than in areas innervated by mixed nerves. 



GASTRIC ACIDITY AS INFLUENCED BY PYLORIC 
CLOSURE AND STENOSIS 

ROBERT ELMAN, M.D. 

AND 

C. T. ECKERT, M.D. 

ST. LOUIS 

It has become increasingly evident tliat the acidity of gastric con- 
tents depends not entirely on variations in the secretory activity of 
the stomach, but also on the degree to which the secreted acid is 
neutralized. It has been demonstrated, for example, that pure gastric 
juice, actively secreted, reaches a constant acidity of about 0.5 per cent 
hydrochloric acid (about 140 degrees). As found in normal gastric, 
contents after an adequate stimulus, the acidity is much lower, indicat- 
ing that this value has been reduced until it is usually about from one 
third to one fourth of this level. Although it is generally agreed that 
neutralization brings about this reduction, there is still some dispute 
about its mechanism. 

From a variety of evidence summarized in previous communications 
from this clinic,^ it appeared that this neutralizing action took place 
in the stomach largely by the action of regurgitated alkaline pancreatic 
juice, which combined with the hydrochloric acid and thus kept gastric 
acidity within limits usually designated as normal. If this theorj' holds 
true, it is obvious that whatever initiates regurgitation, the pyloric 
sphincter must play a decisive role by controlling the degree to which 
reflux can occur, ty'e accordingly investigated the relation between the 
activity of the sphincter and the neutralization of gastric acidity. In 
our first experiments,^'' W'e produced an insufficiency of the sphincter 
by performing a careful pyloromyotomy, after which we noted a marked 
and persistent lowering of gastric acidity, shown by a more rapid and 
complete neutralization of an acid test solution. The present paper is 
concerned with a series of observations already mentioned in a brief 
preliminary note,- in which the converse experiment was performed; 

From the department of surgerj-. Washington Universif}- School of Medicine 
and Barnes Hospital. 

1. (a) Elman, R. : Probable Influence of Pancreatic Juice in Regulation of 
Gastric Acidity, Arch. Surg. 16:1256 (June) 1928; (b) Surg., Gynec. & Obst. 

9:34, 1929. (c) Elman, R., and Rowlette. A. P.: Role of Pvloric Sphincter in 
Behavior of Gastric Acidity, Arch. Surg. 22:426 (March) 1931. 

K-. and Eckert. C. T. : Proc. Soc. Exper. Biol. & Med. 30:1343, 
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i. e., partial or complete pyloric closure was produced, and its influence 
on the behavior of gastric acidity was then studied. 

PREVIOUS OBSERVATIONS 

A number of investigators produced partial pyloric stenosis experi- 
mentally. Bolton, “ in 1909, did so by encircling the pylorus of twenty- 
nine cats with a rubber tube of appropriate size. Although he did not 
especially study the acidity of the contents of the stomach, he observed 
that experimental gastric ulcers in the cats which survived showed 
definite evidence of delayed healing, sclerosis and incomplete regen- 
eration, as compared with the rapid healing in cats without pyloric 
stenosis. Tumpeer and Bernstein'* injected liquid petrolatum under the 
pyloric mus'cle of six dogs, but were unable to produce a stenosis. 
Although the dogs were observed for seven months, there was no change 
in the gastric emptying time, and no dilatation of the stomach was found 
at autops3^ No measurements of acidit}' were reported. 

Of more direct application to the present study are the experiments 
of Hamburger and Friedman," who tied a silk ligature about the 
pylorus of dogs and studied the acidity of the gastric contents before 
and after operation. In ten dogs, a complete stenosis was produced; 
as might have been expected, a fatal outcome developed within a few 
days, undoubtedly from dehydration and alkalosis due to vomiting. In 
ten other dogs, a silk ligature was tied loosely. The result was 
a moderate stenosis which brought about slight or no changes in acidity, 
but which may be considered as a control observation for the third 
series of nine dogs in which a marked stenosis was effected. These 
animals had symptoms, lost weight and died in from three weeks to 
two months. The acid values after a test meal were much higher than 
before operation, and the contents of the fasting stomach showed 
acidities as high as 90 degrees, whereas acid was rarely found in normal 
controls. Of considerable interest, too, is the fact that two of these 
animals were described as dying of general peritonitis from perforation 
of a spontaneous duodenal ulcer located just be^mnd the site of the 
occluded pylorus. 

Ivy, Droegemueller and Meyer studied gastric acidity as influenced 
by pyloric stenosis, which was produced by means of a tape or a metallic 
band. The dogs were also provided with Pavlov pouches, and the acidity 
of the pure gastric juice obtained from them was studied. The 

3. Bolton, C. : Proc. Roy. Soc., London, s.B 82:233, 1909. 

4. Tumpeer, I. H., and Bernstein, M. A.: Experimental Pyloric Stenosis, 
Am. J. Dis. Child. 24:306 (Oct.) 1922. 

5. Hamburger, W. W., and Friedman, J. C. : Contributions to the Experi- 
mental Pathology of the Stomach, Arch. Int. Med. 14:722 (Nov.) 1914. 

6. Ivy, A. C. : Droegemueller, E. H., and Meyer, J. L. ; Effect of Experi- 
mental Pjdoric Stenosis on Gastric Secretion, Arch. Int. Med. 40:434 (Oct.) 1927. 
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results, in general, were somewhat equhmcal. However, in two of the 
seven dogs, the acidity of the contents of the main stomach was mea- 
sured. In these animals the acid A-alue after a test meal reached a high 
point of 158 and 130 degrees, respectively, which is far greater than 
occurs normally; it is equal, in fact, to the high acidity of pure, actively 
secreted juice. Of additional interest is the fact that in one of the dogs 
a perforating duodenal ulcer was found at autopsy. Similar experiments 
were described by Zukschwerdt,' who produced pyloric stenosis by a 
strip of fascia in dogs previously provided with a pavlov pouch and 
showing a standard secretion response. The secretion of the pouch 
after stenosis was produced was more prolonged and 50 per cent greater 
in amount. The high acidity of the pure juice secreted by the pouch 
remained the same, from 0.4 to 0.5 hydrochloric acid, which is the maxi- 
mum acidity ever developed by the gastric juice. Unfortunatety, no 
studies of the acidity of the contents of the main stomach were made. 
The prolonged emptying time, shown b}' roentgenogram after a meal 
of barium sulphate, demonstrated that a marked pyloric stenosis had 
been produced. Adequate control experiments were also described. At 
autopsy, the mucosa of the main stomach showed marked hyperemia 
and erosions in the lesser curvature; the mucosa of the pouch was 
normal. Webster and Armour ® described dogs with p 3 doric obstruction 
kept alive through jejunal feedings. They secreted through a gastric 
fistula a juice of high acidity (from 0.4 to 0.5 per cent hydrochloric 
acid). In two of the dogs, ulcers were obser\-ed at the site of the fistula. 
Hoelzel and Da Costa® noted that in some rats on a restricted protein 
diet pylorospasm developed, indicated by gastric retention, and at the 
same time there was definite evidence of increased gastric acidity, 
Boldyreff,^® in more or less acute experiments, showed a failure of 
neutralization of an acid solution after the pylorus was ser\'^ed. 

Turning to observations on man, one finds that while instances of 
pyloric stenosis are frequently described, the data on gastric acidity 
are equivocal. In many cases, the stenosis, due to cicatricial contraction 
of a duodenal ulcer, was of such long duration that gastric dilatation and 
stasis had undoubtedly affected the secretory power of the mucosa. 
Delayed or absent neutralization of an acid test solution was found in 
several of such cases by one of us (Dr. Elman) In other cases 
described as Iwpertrophic pyloric stenosis in adults, definite h}'peracidih" 
was described.^' 

Zukschwerdt, L. ; Ztschr. f. d. ges. exper. Med. 79:578, 1931. 

S. Webster, D. R., and .A.rmour, J. C.: Canad. M. A. J. 27:240, 1932 

19'’9^ 29:979, 

10. Boldyrcff, W.: Ergebn. d. Physiol. 11:121, 1911. 

81:45 aat)"l925^" Treatment. Ann Surg. 
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A frequent type of hypertrophic stenosis of the pylorus occurs 
in infants, and one may find occasional references to the high acidity of 
the gastric contents of these patients. The most complete study, however, 
was made recently by U. J. E. Senn at the St. Louis Children’s hlospital. 
Senn examined the gastric contents of a great many infants, and among 
normal controls he found, as did Marriott and Davidson a few years 
ago, an average pn of 3.75, with an extreme range from 2 to 5.^^ In 
children with hypertrophic pyloric stenosis (proved by operation), the 
acidity was much higher ; the fasting contents showed an extreme range 
between pjj 1.8 and pn 3. Moreover, no reduction of this acidity was 
found after a test meal of diluted cow’s milk which, in normal babies, 
exerts a definite neutralizing action, owing to its buffer content. After 
operation (pyloromyotomy), a decided change was observed, the pn 
showing a pronounced alkaline shift, i. e., values of 4.5 and sometimes 
as high as 7, This change, following relief of the pyloric barrier, 
could hardly be due to anything but a reflux of alkaline duodenal con- 
tents. As further evidence that this is probably the explanation, Senn 
noted that the gastric contents, sterile before operation, after division 
of the h)'pertrophic sphincter, often contained Bacillus coli, which could 
obviously have originated only by reverse peristalsis carrying intestinal 
contents into the stomach.^^ 


METHODS 

As in our previous studies, the behavior of gastric acidity was studied by means 
of an “acid test meal.” Two hundred cubic centimeters of 0.5 per cent hydrochloric 
acid was introduced by a small stomach tube, and 20 cc. samples were aspirated 
immediately and ever)’- twenty minutes thereafter until the stomach was empty 
or until it was obvious that gastric emptr-ing was delayed, in which case the 
retained contents were removed and measured. Samples were titrated with tenth- 
normal sodium hydroxide, using phenolphthalein as an indicator. A fast of twenty- 
four hours preceded each neutralization test. In one dog, secretion curves were 
obtained by using histamine as a stimulant. 

Healthy adult dogs of medium size (from 6 to 10 Kg.) were used. Operations 
were carried out under ether anesthesia with aseptic precautions. If vomiting 
occurred after operation, the animal was either treated parenterally with saline 
solutions for several days or killed immediately with chloroform. Only animals 
without symptoms and in good general condition were used for postoperative 
observations. 

In a first series of experiments, attempts were made to produce pylorospasm 
by encircling the pylorus with rubber elastic and, later, silver coil springs. This 
did not succeed, for one reason or another, so in all subsequent experiments a 

12. Marriott, W. M., and Davidson, L. T. : Acidity of Gastric Contents of 
Infants, Am. J. Dis. Child. 2.6:542 (Dec.) 1923. 

13. Marriott, W. M. ; Hartmann, A. F., and Senn, M. J. E. : J. Pediat. 3:181, 
1933. 

14. Senn, M. J. E. : Unpublished observations. 
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stout silk ligature was passed around the p 3 'loric ring and tied securelj’; in the 
tie was included the tip of a hemostat, which on removal left just enough slack 
to avoid a complete pyloric closure. A bit of omentum was then wrapped over 
the ligature to prevent adhesions. We found that the effect was apt to be more 
prolonged if the ligature was first soaked in 25 per cent silver nitrate, tvhich 
seemed to promote scarring and lessened the tendency for the ligature to become 
loose. This, nevertheless, did occur not infrequently after a lapse of several weeks 
or months. It is possible that strips of fascia would have proved more satisfac- 
tor>’. After operation, neutralization tests were carried out occasionally as early 
as the first day; ordinarilj’’, however, in a week or two, and in a few instances in 
a month or more. Autopsies were performed in all cases. Some dogs died spon- 
taneously of pneumonia or of other causes not connected with the experiment at 
various times after operation. The others were killed with chloroform. 

In a second series of dogs, at operation we installed a pjdoric snare in order 
to be able to open or close the pjdorus at will in the unanesthetized animal. The 
snare described by Maddock is w'as first tried, and in a few dogs significant obser- 
vations were made. A ligature is passed around the pjdorus, and the ends are 
carried through a glass tube and brought out through the abdominal wall, one 
on each side of the incision, the glass tube remaining in the abdomen after the 
wound is closed. Now, by drawing out on the two ends, traction is exerted 
around the pylorus, thus closing it against the deep end of the tube. This device 
generally w'orked well for a few days but, as might be expected, infection soon 
set in, whereupon it was necessarj* to terminate the experiment. We later used 
a small silver tube, about 2 mm. in diameter, pro\-ided with two tiny loops or 
holes at one end. A gold wire was attached loosely to one of the loops ; the other 
loop was sutured to the anterior wall of the pylorus. The free end of the wire 
was passed around the sphincter and led through the tube and out of its other end, 
which was then made to traverse the abdominal wall through a separate tiny 
puncture wound in the right lumbar region. Omentum was wound around the 
tube and the incision w’as closed. The free end of the silver tube holding the free 
end of the wire was protected by strapping a thin wicker basket over it. Observa- 
tions were started within a few daj’s and, when possible, continued for several 
weeks after operation. The usual test solution of 200 cc. of 0.5 per cent hydro- 
chloric acid was given by a stomach tube, and samples were withdrawn every 
twenty minutes. By drawing the wire out (a stickpin clasp passed over the wdre 
kept it from slipping back) , the pylorus was constricted ; by pushing it in, it was 
released. Its effect on the neutralization of the test solution wms observed. The 
greatest difficult}’, in any case, was knowing how much tension to exert, particu- 
> after several weeks when a good deal of inflammatory’ tissue had grow’n 
around the apparatus. The eventual scarring, too, often made repeated observa- 
tions impossible, for in such a case neutralization of the acid solution did not occur 
e\en when the snare w’as kept loose. 


EXPERIMENTAL FINDINGS 

Pcnuajicjif Partial Pyloric Stenosis . — In this group, there were 
I'lNcUc dogs in wliich a definite delaj- in the neutralization of the acid 
test solution was found after pyloric stenosis yvas produced. Figure 
represents the findings in six of them, and show’s the ineffective 


hv Maddock. S. J.; J. Lab. & Clin. Med. 17:369, 1931. 



1006 


ARCHIVES OF SURGERY* 


neutralization of the acid solution after pyloric stenosis, as compared 
with the preoperative controls. The emptying time, shown by gastric 
residues, was often prolonged. Fasting contents, which normally have 
no titrable acidity, were examined in some of the dogs with pyloric 
stenosis. Their acid values were always high, and twice were 140 
degrees, which is as strong as gastric contents ever get, representing, 
therefore, the high acidity of pure, actively secreted gastric juice. 

In dog 340, in addition to neutralization curves (fig. 1), curves 
of gastric secretion were obtained, using 1 mg. of histamine as the 
stimulant, injected intratnuscularly. Figure 2 shows the decided increase 



Minutes 


Fig. 1.— This shows the neutralization curves of six dogs before (lower curve) 
and after (upper curve) pyloric stenosis was produced by a silk ligature at opera- 
tion. The interval in days, weeks or months is indicated in each case. E indicates 
the stomach was empty. The figures in cubic centimeters above the upper curves 
indicate the amount of contents removed at the conclusion of the test. The two 
lower curves for dog 9 were obtained before and after a loose pyloric ligature was 
tied; the upper curve, two weeks after a second but tighter ligature was place . 

in amount as well as in acidity of the gastric juice three months after 
pyloric stenosis had been produced, as compared with the preoperative 
control. 

Control experiments, described in a previous paper, showed that 
simple laparotomy does not influence the rate of neutralization, in 
set'en of the twelve dogs in the present group control curv^es were 
made before pyloric stenosis was produced. In the five in which these 
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were not made the postoperative change was the same as m the others. 
One of the twelve dogs was an inadvertent control ; after a py one iga 
ture was tied no change was obser^^ed, whereon a second operation was 
done which revealed that the tie was loose. On placing f Y’ of 
ligature, definite delay in neutralization was found (ng. )• 

Additional controls were also furnished by a number of the earher 
experiments, when no change was noted after operation, _ and when 
autopsy showed that the ligature had slipped or had been tied loosely. 

The obsen,'ations at autopsy in the twelve successful experiments 
proved of additional interest. The stomach in some cases showed 
scarcely any change in size; in others, it \vas dilated and in some the 



Canutes 

Fig. 2. — Secretion curves (after the injection of 1 mg. of histamine intramus- 
cularly) obtained before and three months after effective pyloric stenosis had been 
produced. Neutralization curves for this dog are showm in figure 1. The figures 
refer to the amounts of gastric contents obtained. Note the greater amount (210 
cc. as against 85 cc.) as well as the greater acidity with the pj'Iorus parth- 
occluded. 

wall was hypertrophied. The site of the ligature was in all cases 
uninfected and covered onl)- with scar tissue and omentum ; the pylorus 
was free and was not adherent to adjacent structures. Pronounced 
constriction of the lumen of the pylorus was evident in all cases. In 
some, it was difficult to see how any food had been able to pass at all. 
M ith the e,xception of one case, in which general peritonitis from a 
perforated duodenal ulcer was found, the peritoneum was clear. On 
opening the stomach, however, a marked hyperemia of the mucosa, 
especially of the lesser, curvature, tvas evident in every case. On micro- 
scopic section, a tremendous number of oxvmtic cells were seen. 
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Fig. 3. — Curve obtained with the use of a pyloric snare two weeks after opera- 
tion. The dotted line is the normal neutralization curv'e. Note the cessation of 
neutralization after the pylorus was closed by drawing out on tiie snare. In this 
and the following illustrations the open dots indicate titrations while the pylorus 
was open; the solid dots, titrations when it was closed. 



Fig. 4 . — Two neutralization curves seven and nine days after operation. The 
upper curve shows the result when the pylorus was first closed and later opened; 
the lower curve, the result when it was first left open and then closed. Note the 
prompt drop in acidity while the pylorus was open and the delay or absence of a 
drop while the pylorus was closed. 
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Fig. S. — Two neutralization curves obtained five and nineteen days after opera- 
tion. In the lower curve, note the delayed neutralization and emptying (as shown 
by the residue after eighty minutes) followdng closure of the pylorus. The upper 
curve shows three intervals ; prompt neutralization with the pylorus open, none 
with the pylorus closed and a prompt drop of acidity when the pylorus was 
reopened. 





Fig. 6. — Curve for a dog with pyloric snare, seven days after operation. Note 
the normal drop in acid, its delay as soon as and while the prdorus was closed and 
Its final drop as soon as it was opened again by pushing in on the snare. The 
broken line indicates the curve of normal neutralization. 
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Occasionally, small erosions were made out. In the duodenum, marked 
inflammatory changes were apparent. They were beyond the site of 
the ligature and consisted of redness, superficial erosions and an out- 
pouring of exudate. It is planned to describe these changes in greater 
detail in a subsequent communication. 

Pyloric Snare . — In this group, ten successful experiments were 
performed on seven dogs. It was found, briefly, that when the snare 
was drawn tightly so that the pylorus was presumably closed, little or 
no neutralization of the acid test solution, previously introduced, took 
place. However, when the snare was loose and the pylorus was open, 
neutralization occurred as rapidly as normally. The experiment was 



Fig. 7. — Curve obtained with the use of a pyloric snare two days after operation. 
Note the normal drop in acidity until the pylorus was closed, whereupon neutraliza- 
tion almost ceased, with a retention of 80 cc. after eighty minutes. 

varied by either tightening the snare for several twenty minute periods 
and then loosening it, or first keeping it loose for a time and then tighten- 
ing it. In two experiments, it was possible to study three intervals: 
with the pylorus open, then closed and finally open again (figs. 5 and 
6). The accompanying graphs represent seven of the ten experiments 
and are self-explanatory (figs. 3, 4, 5, 6 and 7). 

COMMENT 

A correlation between the level of gastric acidity and the activity 
of the pyloric sphincter had long been suspected and was made the 
basis of the well known theory of Cannon, which associated the opening 
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and dosing of the pylorus with the presence of acid in the stomach and 
duodenum. This theory of the “acid control of the pylorus, based on 
convincing experimental data, has been more or less universally accepted 
since it was enunciated in 1907, although Cannon himself pointed out 
that it failed to explain a good many facts.'® 

The present experiments were designed to study this relationship, 
but not by obsendng changes in the pylorus as influenced by’ gastric 
acidity, since it is notoriously difficult to know in an intact animal 
when the sphincter is open or closed. To do so by measuring the 
emptying time of the stomach is not accurate, for we now know '• that 
other factors, such as gastric peristalsis, tone and the rapidity’ with 
which the duodenum empties, influence the rate of gastric evacuation- 
as much as or more than the activity’ of the py’lorus. In view of this 
intrinsic difficulty’, it seemed more promising to induce definite change 
in the py’lorus and measure its influence on the level of gastric acidity. 

The findings described here are definite and consistent. They' show 
not only that stenosis of the pylorus leads to a high acidity’ of the fasting 
contents, but that acid introduced into the stomach cannot be neutralized 
as completely or rapidly as normally. In some experiments, there was 
no neutralization after pydoric stenosis was produced. High acidity’ 
with pyloric stenosis was noted by other workers both experimentally’ 
and clinically’, but it was attributed by some ® to the associated gastric 
retention which prolonged the secretory’ phase because of impaired 
emptydng. This can hardly be the explanation of the present findings, 
for no secretory stimulus was invoked (if we except a slight mechanical 
effect due to the introduction of the solution used as a test). The delay’ 
in neutralization must have been directly’ connected with the py’loric 
stenosis, iloreover, in our second series of experiments with the pyloric 
snare when the stenosis was transient, the same effect was observed; 
while the pylorus was open, gastric acidity was reduced effectively, 
and while it was closed, it was reduced slowly or not at all. These 
findings suggest that the high acidity’ found by others in cases of 
pyloric stenosis may also have been due, at least partly, to ineffective 
neutralization rather than to an increase in the secretory’ process as a 
result of the gastric retention. 

Of greater significance is the cause of the impaired neutralization 
resulting from pyloric stenosis or closure. It seems difficult or impossible 
to teplain it on the basis of an intragastric mechanism. How any diluting 
fluid, suddenly elaborated, or mucus suddenly secreted, could accormt 
for the prompt changes noted in our second series of experiments, 

16. Cannon, W. B.: Am. J. Physiol. 20:283, 1907. 

1/. .\lvarez, W. C. ; The Mechanics oi the Digestive Tract, ed. 2, New Yort 
Paul B. Hocber, Inc., 1928, p. 178. ’ 
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when the pylorus ^vas opened and closed at short intervals, is hard 
to see. In contrast to this supposition, it is easy to understand the 
findings on the basis that duodenal regurgitation is the mechanism by 
which the neutralization is largely effected. The pyloric closure, 
by shutting off the duodenum, prevents reflex mainly of the alkaline 
pancreatic juice, which has the most efficient power of neutralizing acid 
in the stomach. Thus, the acid solution which is introduced remains 
unchanged, and by inference secreted gastric juice likewise (fig. 2, 
dog 340) remains higher than normal. 

The assumption of duodenal regurgitation not only e.xplains the 
present findings but applies equall}'^ well to the observations of Senn,^* 
mentioned previousl}', in a comparable pyloric stenosis which occurs 
spontaneously in infants, and in which the high acidity of gastric 
contents gives way to less acid or even neutral contents promptlj^ on 
release of the pyloric barrier, Avith many intestinal bacteria in the stomach 
to add further proof of regurgitation. Additional obserAfations of a 
conA^erse sort made in this laboratory lend further support to the theory 
of duodenal regurgitation. In these experiments, more effective neutrali- 
zation of gastric acidity folloAved closely on successful division of the 
pyloric sphincter,^® Avhich presumably alloAved freer access of pancreatic 
juice into the stomach. Moreover, AAffien pancreatic juice Avas drained 
to the outside,^ neutralization did not occur at all. MatthcAvs and 
Dragstedt^® recently shoAved that neutralization fails Avhen a valve is 
tied into the pylorus, making duodenal reflux impossible, even A\4ien 
gastric emptying is unobstructed. These observations, too, point to the 
importance of regurgitation in the control of gastric acidity. 

It would seem from all these and other considerations mentioned 
in previous papers ^ that Ave may accept the existence of a definite cor- 
relation betAveen the pylorus and gastric acidity, but in converse terms 
of that expressed by Cannon tAA'^entj^-fiA^e years ago. Slay Ave not 
speak of the pyloric control of gastric acidity.? If duodenal regiu-gitation 
is the important factor in the control of gastric acidity, it is obvious 
that the pylorus is a decisiA^e link in the physiologic chain. 

The anatomic changes in the duodenum, briefly mentioned here, 
and especially the accidental obserA^ation of a perforated ulcer in the 
same part of the duodenum, i. e., just beyond the exit of the stomach, 
have a suggestiA'e bearing on the question of the pathogenesis of 
duodenal ulcer. The acid factor in peptic ulcer has received much 
attention in recent years,*® and eAudence is accumulating to shoAV that 

18. Matthew^s, W. B,, and Dragstedt, L. R. ; Surg., Gynec. & Obst. 55 : 265 , 
1932. 

19. Editorial, J. A. M. A, 101:859 (Sept. 9) 1933. 
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it niav well be the most important element. The present observations 
show how a high gastric acidity can be maintained, and suggest that 
in turn it may of itself initiate inflammatory changes which lead 
eventually to ulceration, hemorrhage and perforation. Experiments 
designed to produce this result more regularly are now in progress. 

SUMir.\RV 

Experimental p3doric stenosis leads to a spontaneous high gastric 
acidity, and interferes with the normal neutralization of acid introduced 
into the stomach. Closure of the pylorus in the unanesthetized dog 
delays or halts, while opening reestablishes, the normally rapid 
neutralization of gastric acidity. These findings add further evidence 
supporting the idea that duodenal reflex controls, in a large part, the 
level of gastric acidity. The application of these findings to a theorv 
of the pyloric control of gastric acidity and to the pathogenesis of 
duodenal ulcer is commented on. 
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The inci'easing incidence, the relative scarcity of preoperative diag- 
nosis, the high mortality rate and the lack of uniformity in therapy 
merit the many reports of acute pancreatitis which have appeared in the 
literature within recent years. All of the clinical bibliography is available 
by reference to de Takats and Mackenzie’s review.^ They presented 
thirty cases of acute pancreatic necrosis in which operations had been 
performed by nine different surgeons during the years from 1920 to 
1930. Two months later McWhorter - reported sixty-four cases in 
which operations had been performed by thirty-two surgeons, all mem- 
bers of the Chicago Surgical Society ; in this report be presented a rather 
extensive review of the literature. The efforts to produce acute hemor- 
rhagic pancreatic necrosis experimentally with a view toward elucidating 
the etiologic factors involved, have been thoroughly reviewed by 
Wangensteen, Leven and Manson.® It is because we believe that the 
accumulation of individual experiences may eventually lead to a more 
comprehensive appreciation of the problems associated with this disease 
that a report of twenty-two cases of acute pancreatitis encountered by 
vts during the past five years is herein presented. 

CLINICAL ANALYSIS 

Our series well exemplifies the infrequency of the preoperative diag- 
nosis of acute pancreatitis. Only five cases were positively diagnosed; 
two others were believed to be acute pancreatitis or cholecystitis, and 
another, perforated gastric ulcer or acute pancreatitis. Since it is neces- 
sary to observe some particular feature or group of symptoms to make 
the diagnosis, it is noteworthy that in 63.64 per cent of the cases these 
indications were absent or inconspicuous. In McWhorter’s ^ series a 
correct diagnosis was made in eight of the sixty-four cases. In order 

From the Koster Clinic, Crown Heights Hospital. 

1. de Takats, G., and Mackenzie, W. D. ; Acute Pancreatic Necrosis and Its 
Sequels, Ann. Surg. 96:418 (Sept.) 1932. 

2. McWhorter, G. L. : Acute Pancreatitis ; Report of 64 Cases, Arch. Surg. 
25:958 (Nov.) 1932. 

3. Wangensteen, O. H. ; Leven, N. L., and Manson, M. H. : Acute Pan- 
creatitis (Pancreatic Necrosis) : Experimental and Clinical Study, with Special 
Reference to Significance of Biliary Tract Factor, Arch. Surg. 23:47 (July) 1931. 
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to evaluate adequately all of the clinical aspects in our cases ^vhich 
v.-ere diagnosed correctly and to discover the cause for the errors in the 
remainder we have analyzed the symptomatolop and course (table 1 ). 

Although the age incidence varied from 17 to 78 years, 63 .64 per 
cent of our patients were less than 35. This becomes significant when 
compared to the age incidence in general disturbances of the gallbladder 
or bile ducts, to which acute pancreatitis is linked clinically and etio- 
logically. While cases are recorded at the age of from years up, the 
incidence of this condition in persons under 20 is exceedingly rare. The 
average age in our series was 38.27 years. McWhorter* found an 
average of 43.3 years; in half of the thirty cases reported by deTakats 
and IMackenzie ^ the patients were between the ages of 40 and 60. It 
is also noteworthy that of our twenty-two patients, 36.36 per cent were 
men and 63.64 per cent women, which is in accordance with the 
observation of others. 

Examination of the histories elicited symptoms of disease of the 
biliary tract in 63.64 per cent of the cases. The symptoms appeared 
from three weeks to ten years prior to the-onset of the acute pancreatitis. 
In the remainder of the cases there was no relevant past history. 

The illness prior to operation varied from one day to two weeks. 
In 40.9 per cent of the cases it occurred within twenty-four hours. In 
63.64 per cent there was a sudden onset of pain in the epigastrium or 
right upper quadrant or both, which soon followed by vomiting. In 
the remainder of the cases the onset was less precipitous but similar. 
Shock and cyanosis occurred in 31.8 per cent, and in these cases the 
diagnosis was suspected. Transient glycosuria occurred in two cases. 
No otlier significant data were observed or obtained by laboratory- 
methods. In five cases tests for pancreatic ferments gave negative 
results. Hence, clinically, from the sudden onset of pain followed by 
vomiting, shock and cyanosis the correct diagnosis was made in four 
cases and was suspected in three others. In a fifth case diagnosed as 
acute pancreatitis accompanied by obstruction of the common bile duct 
by calculi and cholangeitis of two weeks’ duration there was no shock or 
cyanosis, but the patient was deeply jaundiced. The symptomatolog}- 
in the remainder of the cases suggested a variety of conditions, such as 
acute cholecystitis (63.64 per cent), perforated gastric ulcer (14.28 per 
cent) and acute obstruction of the common bile duct (22.92 per cent). 

At operation the pancreas showed the t\-pical inflammatoiy- involve- 
ment. Fatty necrosis of the omentum and the typical serosanguineous 
exudate were observed in 'fourteen cases (63.64 per cent). Eight cases 
( 06^06 per cent) showed fatty necrosis or the typical serosanguineous 
exudate. In at least 50 per cent a greenish discoloration of the fat in the 
gastrohepatic omenUim. characteristic of this disease, was noted. In only 
' - per cent of the cases was ‘the pancreas the only organ in rvhich 
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Pulse 150 
itssp. 20 

-P 

+ 

0 

Edema 

Tiuip. 92.0 

T'''-P. 20 

•r -f 

Gallstones 

Edema 

T’U'p.ipo.^ 

mu’e 112 
■'.'•‘P. to 

+ + 

Chronic 
cholecystitis; 
no stones 

Edema 

T'>?P.101 

i Ulv(. 

’’•'*1'. 25 

+ -f 

Chronic 
cholecystitis; 
no stones 

Hemorrhagic 
necrosis and 
edema 

?-,r- K 

.c, 


a. 

Gallstont's 

Edema 


Cholecystectomy ; 
cboledoehostoniy; 
drain to lesser sac; 
capsule of pancreas 
split and drained 
Cholecystectomy; 
cboledochoslojDy; 
drain to lesser sac; 
capsule of pancreas 
split and drained 
Cholecystectomy; 
eboledoebOstODiy; 
drain to lesser sac; 
capsule of pancreas 
split and drained 
Cboledochostomy; 
drain, to lesser sac; 
capsule of pancreas 
split and drained 

Cholecystectomy; 
choledochostomy ; 
drain to lesser sac 
and gallbladder bed 
of liver; capsule of 
pancreas split and 
drained 

Cholecystectomy; 
cboledochostomy; 
drain to lesser sac 
and gallbladder bed 
of liver; capsule of 
pancreas split and 
drained 

Capsule of pancreas 
split and drained 


Cholecystectomy; 
choledochostomy; 
drain to lesser sac 
and gallbladder bed 
of liver; capsule of 
pancreas split and 
drained 

Cholecystectomy; 
cboledochostomy; 
drain to Jesscr sac; 
capsule of pancreas 
split and drained 

Cholecystectomy; 
choledochostomy; 
drain to lesser sac; 
capsule of pancreas 
spilt and drained 

Cholecystectomy; 
cboledochostomy; 
drain to lesser sac 
and gallbladder bed 
of liver; capsule of 
pancreas split and 
drained 


Jsone Well 


Genet- Death 
alired within 
perito- 5 hrs. 
nitis and 
paralytic 
ileus 

Xonc Wcl! 


Xone 'Well 


None Well 


Sudden onset; early 
fatty necrosis on pan- 
creas only; none on 
omentum 

Sudden onset; patient 
was moribund at time 
of operation 


Sudden onset; raatlced 
edema of gnstroliepatlc 
omentum; pathologic 
report of acute chole- 
cystitis 

Slow onset with increas- 
ing pain; “coffee 
ground’’ vomitus; pntii- 
ologic report of chronic 
cholecystitis 

Slow onset; pains not 
marked; pathologic 
report of chronic 
cholecystitis 


None Well Slow onset with inctea'- 
tag intensity of pain; 
bead of pancreas 
markedly enlarged 
and necrotic 

None WeJJ Sudden oaget; bead of 
pancreas swollen end 
necrotic; pathologic 
report of chronic 
cholecystitis 


None Well siow onset; marked 
edema of entire pan- 
creas; pathologic report 
of ebroaie cholecystitis 


Gener- Death 
alized within 
perito- 12 . hrs. 
nitis and 
paralytic 
Ileus 

None Well 


Sudden onset; patient 
in moribund condition 
at time of opertsion 


-viv-iuQ vii. eurire pan- 
creas; pathologic report 
ol aente cholecystitis 


Pneu- Weil 
monia 
on right 
side 


Intra- Well 
abdom- 
inal col- 
lection 


None Well 


— uv negin- 

neciosis; patho- • 
logic report of chronic 
cholecystitis 

collection 
^5 ffitough wound 
spontaneously and 
emptied itself; p^tho- 

feys^S's 

fde^fo?S|L« 

ra^?e“»rstr^ 



Table 1. — Analysis of ike Symptomatology and Cou. 




Qali- 

Duration 

Loca- 

Radia- 

bo 

fl 


Cf 

tn 


Age 

bladdcr 

of 

tion 

tion 



c 

O 

c 


and 

Symp- 

Present 

of 

of 

B 

o 

3 

cs 

Case 

Sex 

toms 

Attack 

Pain 

Pain 

> 

Si 

a> 

« 

O 

14 

SO 

F 

None 

4 days 

Right 

upper 

None 

4* 

0 

-f 

0 


quadrant 
and epi- 
gastrium 


~ 'White 
a " Blood Cell 

“•j; Count and 

wp Dlfforcntlalt 
0 W.B.C. 11,850 
Polys. 89% 
Lymph. c% 
Monos. 5% 


Blood 

Pressure 

, * , 

Sys- Dias- Preoperative 

tollc tolic Diagnosis 

128 70 Acute chole- 

cystitis with 
eholclithiasls 


15 40 7 vrs. 

F 


S days Right 
upper 
quad- 
rant 


Right -f 0 -f 

shouldcr 

and 

back 


0 0 W.B.C. 10,150 

Polys. 73% 
Lymph. 24% 
Monos. 3% 


133 78 Acute ehole- 

cystltis and 
common ’ 
obstruction 
by stone 


Right Back 

-f- 

0 

0 

0 2-f % W.B.C. 15,200 

123 

upper 




Polys. 80% 


quadrant 
and epi- 
gastrium 




Lymph. 20% 



63 Acute chole- 
cystitis 


17 32 None 

1 day Epigas- 

Back 

+ + 

0 + 

0 W.B.C. 16,700 

F 

trium 




Polys. 00% 
Lymph. T% 
Monos. 3% 


60 Acute pan- 
creatitis 


18 78 None 

1 day Epigas- 

Back 

+ + 

0 

-i- 

0 W.B.C. 14,400 

170 

M 

trium 





Polys. 86% 
Lymph. 10% 








Monos. 4% 



55 Perforated 
gastric ulcer 
or acute 
pancreatitis 


19 28 2 mos. 1 day 

M 


Right None -t- 

upper 

quadrant 


0 0 


0 


W.B.C. 13,500 

120 

82 

Acute chole- 

Polys. 90% 
Lymph. 6% 
Monos. 5% 



cystitis 


20 31 6 wks. 

F 


2 days Epigas- None -i- -h 0 
trium 


- 1 - 


0 W.B.C. 14,200 
Polys. 82% 
Lymph. 18% 


112 80 Acute pan- 

creatitis 


21 56 10 yrs. 

F 


2 days 


Bight Right -1- 
upper shoulder 

quad- and 

rant back 

and epi- 
gastrium 


0 0 


0 


0 W.B.C. 6,600 140 

Polys. 70% 
Lymph. 22% 

Monos. S% 


22 63 Chole- 2 wks. Epigas- None 

F cystec- trium 

tomy 
2 mos. 
ago 


+ 0 + 0 


0 W.B.C. 20,000 
Polys. 93% 
Lymph. 7% 


150 


80 


80 


Aeute chole- 
cystitis with 
cholelithiasis 


Acute pancre- 
atitis accom- 
panied by 
common duct 
obstruction 
by calculi and 
cholangeitis 


* In eacli case a Koeber mobilization of the duodenum was performed and the head of the pancreas was palp 
for calculi. The mortality was 22.7%. , ,, 

t W.B.C. indicates white blood cells; Polys., polymorphonuclears: Lymph., lymphocytes, and. Monos., mononuutu . 



ill Tweiily-Tivo Cases of Acute Pancreatitis * — Continued 


Temperature; 32 
Puke; "g og 
Kesplration PhX RH 


Gallbladder 

Disease 


Condition of 
Pancreas 


Temp. 101 
Pulse 132 
Keep. 24 


+ + Gallstones Hemorrhagic 

necrosis and 
edema 


Temp. 100.8 
Pulse 00 
Hesp. 22 


0 + Cholange- 

itis and 
gallstones 


Hemorrhagic 
necrosis and 
edema 


Temp. 101 
Pulse SO 
Resp. 22 


+ 0 Calculi in Hemorrhagic 

gallbladder necrosis 
and common 
duct 


Temp. 00.6 + o 

Pulse 84 
Resp, 24 


Chronic Edema 
cholecystitis 
and cholan- 
geitis 


Temp. 

Pulse 

Resp. 


00.8 

00 

28 


+ 


+ 


Edema of 

gallbladder 

wall 


Hemorrhagic 

necrosis 


Temp. 

Puke 

Resp. 


00.8 

SS 

20 


+ 


+ 


Hemorrhagic 
necrosis and 
edema 


Temp. 

Pulse 

Resp. 


101 

02 

21 


+ + 


Chronic 
cholecystitis 
with chole- 
lithiasis 


Hemorrhagic 
necrosis and 
edema 


Temp. 301 
l^ke 6^ 

K'tp. 20 


® + Gallstones 


Hemorrhagic 
necrosis and 
edema 


^.F'R-IOO.g 

1 U‘‘e Ilf. 
Rf< 


llr, 

T- 21 


0 


Cholange- 
Itis and (. 2 ) 
common duct 
calculi 


Hemorrhagic 
necrosis and 
edema 


Compli- 

Operation cations Eesults Comment 


Cholecystectomy; None Well 

cholcdochostomy; 

drain to lesser sac 

and gallbladder bed 

of liver; capsule of 

pancreas split and 

drained 

Cholecystectomy; None Well 

cholcdochostomy ; 

drain to lesser sac 

and gallbladder bed 

of liver; capsule of 

pancreas split and 

drained 

Cholecystectomy; None Well 

cholcdochostomy ; 

drain to lesser sac; 

capsule of pancreas 

split and drained 


Cholecystectomy ; 
cholcdochostomy ; 
drain to lesser sac; 
capsule of pancreas 
split and drained 


Intra- Well 
abdom- 
inal col- 
lection 


Cholecystostomy; 
capsule of pancreas 
split and drained 


Cholecystostomy; 
gauze drain to gall- 
bladder and under 
surface of liver; 
capsule of pancreas 
spRt and drained 
Cholecystectomy; 
cholcdochostomy; 
drain to lesser sac 
and gallbladder bed 
of liver; capsule of 
pancreas split and 
drained 


Cholecystectomy; 
cholcdochostomy ; 
drain to lesser sac; 
capsule of pancreas 
split and drained 


Eviscer- Death 
ation within 
on Sd 4 days 
day fol- 
lowing 
an asth- 
matic 
attack 

Gener- Death 
alized within 
perito- i days 
nitis and 
paralytic 
ileus 

Gener- Death 
alized within 
perito- o days 
nitis and 
paralytic 
ileus; car- 
diac iuEufa- 
ciency 

None Well 


Cholcdochostomy 
with removal of 
calculi; drain to les- 
ser capsule of pan- 
creas split and drained 


None 


WeR 


Slow onset; pain grad- 
ually increased in inten- 
sity; pathologic report 
of chronic cholecystitis 


Sudden onset; marked 
edema of pancreas; in- 
flammation of common 
duct with marked 
enlargement; pathologic 
report of acute 
cholecystitis 
•Sudden onset; incom- 
plete common duct ob- 
struction by calculi; 
entire pancreas hemor- 
rhagic with beginning 
necrosis; pathologic 
report of chronic 
cholecystitis 

Sudden onset; marked 
edema of pancreas; 
marked inflammation 
and dilatation of com- 
mon duct; pathologic 
report of chronic 
cholecystitis 

Sudden onset; had severe 
asthmatic attacks in 
spite of medication; sat 
up in hed during violent 
seizure and evisceration 
occurred; died of gener- 
alized p«itonitis and 
cardiac insufficiency 
Sudden onset; pancreas 
markedly enlarged, fill- 
ing entire upper part of 
the abdomen, and 
entirely necrotic from 
head to tail 

Sudden onset; pancreas 
large and necrotic, 
especially the head; 
pain was colicky; 
pathologic report of 
chronic cholecystitis 


— — v-uccu m mien- 

sity; pathologic report 
cholecystitis; 
electrocardiogram 
showed definite 
coronary disease 
Sudden onset of severe 
which was constant 
and <mly relieved by 
mo^hine; edema of 
gastrohepatie omentum 
and common duct 
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there was apparent involvement. The remainder showed various patho- 
logic disturbances of the gallbladder or the bile ducts. Cholecystitis with 
concomitant cholelithiasis occurred in 54.54 per cent of the cases; 
cholecystitis, in 18.2 per cent, and choledocholithiasis per se in 9.09 
per cent. 

These operative observations, as well as the clinical symptoms in our 
series, lend emphasis to the experimental studies of the relationship of 
disease of the biliary tract to acute pancreatitis. The prevalent opinion 
as expressed by various reviews is to the effect that acute pancreatitis 
is usually secondary to an involvement of the biliary tract, as a result 
of which there may occur an intrapancreatic activation of trypsinogen 
and a subsequent autodigestion of the gland. The exact mechanism is 
still problematic. 

DIAGNOSIS 

From the foregoing it is obvious that the diagnosis can be made 
fairly easily in the case presenting an acute onset of knifelike pain in 
the epigastrium associated with prostration and cyanosis. In ten instances 
in which pain was localized in the epigastrium, seven patients had an 
associated shock and cyanosis. The character of the pain is similar to 
that occurring in a perforated gastric ulcer and hence may be mistaken 
for it even in the presence of prostration and cyanosis. This diagnosis 
was made in two of our cases because of an indefinite previous history 
suggesting gastric ulcer. Hence an adequate past history is of great 
importance. A less fulminating onset was presented in 36.36 per cent 
of our cases. It is noteworthy that in thirteen cases improperly diag- 
nosed because of the absence of the typical picture of acute pancreatitis 
the patients were less than 40 years of age. As shown in the table, the 
average age in our group was 38.26 years ; 63.64 per cent of the patients 
were less than 35 years of age. Although slightly lower than that 
reported in the literature, the age incidence generally agrees with that 
reported by others. In our cases the symptomatology indicated an 
involvement of the biliary tract. The suggestion is therefore made that 
for every patient, however young, in whom symptoms indicating an 
exacerbation of inflammation of the biliaiy tract is encountered, acute 
pancreatitis may be the causative factor. This is especially noteworthy 
when the patient is a male, since acute pancreatitis is just as frequent in 
males as in females, in contradistinction to the higher incidence of 
disease of the biliary tract in the latter. 

PROGNOSIS 

The prognosis of a case of acute pancreatitis is generall}' considered 
to be grave. Table 2 summarizes the available mortality data previously 
reported and those in our series. Obviously, many factors may be 
instrumental in affecting the mortality rate. Some investigators have 
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stated the belief that conservative treatment will increase the mortality , 
others, that the reverse is true. In one thousand two hundred and 
seventv eight patients with pancreatitis treated surgically, Schmieden and 
Sebening^ reported a mortality rate of 51.2 per cent. A similar death 
rate was reported by McWhorter .= De Takats and Mackenzie > reported 
a death rate of 36.6 per cent. Our series showed a mortality rate of only 
22.7 per cent. Of the five patients who died postoperatively, two were 
practically moribund at the time of operation. Another patient (case 18), 
a man. aged 78, suffered from severe asthmatic seizures. For the first 
two days following operation the patient was in a fairly good condition. 
On the third day he had a severe asthmatic attack, during which eviscera- 
tion occurred, he died within twenty-four hours. 


T.\ble 2 . — Morialiiy Data in Cases Previously Reported as Compared svith 

Present Scries 


Kumber ol Mortality, 

Author Tear Cases percent 

Broeq Before 1910 IIC 7S 

After 1910 119 65 

Korte 1911 103 00 

Guleke 1924 4S7 52.2 

Schmieden and Sebening 1927 1.27S 51.2 

de Takats and Mackenzie 1932 30 3C.0 

McWhorter 1932 64 o4."* 

Roster and Kasman 1933 22 22.7 


* Si.y not operated on, who died. 


Two of the more important factors in determining the mortality rate 
are the severity of the disease and the degree of involvement of the 
pancreas. We have seen cases in which there was slight edema of the 
pancreas with slight enlargement and comparatively little necrosis and 
other cases in which the pancreas was so swollen and edematous that 
it filled the greater portion of the upper part of the abdominal cavitv. 
In one instance a gland was encountered, the diameter of which in the 
sagittal plane of the body was 15 cm. Extreme degrees of necrosis 
involving the entire gland may also be encountered. BeUveen these 
extremes are all degrees or gradations of severit}-, and obviously the 
clinical course varies with the degree and severit}- of involvement. 

We feel definitely that early operation is indicated in all instances 
ui which a diagnosis is made. This is true not only because 
we believe that the disease can be favorably influenced by opera- 
tion at an early time but because of the difficulty in accurately making 
the diagnosis. Pancreatitis may be confused with some diseases in 
\\hich operation is imperative, such as perforated ulcer. 

•t. Schmieden. \ and Sebening. \V.; Arch. t. Win. Chir. 148:319, 1927 
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Although we recognize that the A'alue of many of the other procedures 
combined in yrhat we believe is the radical method of treating this dis- 
ease may still be open to question, there can be little doubt regarding 
the favorable influence of decompression of biliary tension by drainage 
of the biliary tract, and we feel that the earlier this is instituted, the 
greater will be the likelihood of a favorable termination. 

TREATMENT 

We feel that the surgical treatment of acute hemorrhagic pancreatic 
inflammation must include the following steps : drainage of the biliary 
tract; removal of the gallbladder if it is diseased or contains stones; 
removal of calculi, if present, from the common duct; mobility of the 
duodenum by the Kocher method for the purpose of more accurately 
palpating the head of the pancreas in search of calculi in Wirsung’s 
duct; splitting of the capsule of the pancreas for the relief of edema, 
and drainage of the lesser peritoneal sac and the pancreas. The drainage 
of the biliary tract is best accomplished: (1) by passing a rubber tube 
into the common bile duct through the stump of the cystic duct if the 
gallbladder has been removed for existing disease; (2) by passing a 
T-tube into the common duct, if it has been opened for the removal of 
stones, or (3) by a cholecystostomy in the absence of disease of the gall- 
bladder or if, as occasionally occui's, the pancreas is so tremendously 
swollen as to make the common duct inaccessible. This type of complete 
operation was carried out in all of the cases in this series, with 
the exception of case 1, in which the patient was operated on before the 
procedure was adopted as routine, and cases 2 and 9, in which the 
patients were moribund on admission and in which it was deemed 
advisable simply to drain the pancreas. Cholecystostomies were per- 
formed on two patients (cases 18 and 19) for the purpose of instituting 
drainage of the biliary tract. In fifteen of the remaining seventeen 
patients cholecystectomies were performed with choledochostomy drain- 
age through the stump of the cystic duct or directly by incision into the 
common bile duct, and in two of the cases (6 and 22) in which the gall- 
bladder was removed previousl)q drainage was instituted through an 
incision in the common bile duct, and in each case three calculi of the 
common bile duct were removed. The operative procedure was carried 
out as follows : 

After laparotomy the gallbladder and bile ducts were carefully examined. In 
the presence of cholelithiasis and cholecystitis the gallbladder was removed, 
preferably from below upward, and a catheter was passed into the common bile 
duct through the stump of the C3'stic duct and fixed in that position. If the 
aperature of the cystic duct was too small, the common bile duct was incised, a 
T-tube introduced directly and the cystic duct stump ligated. If it was deemed 
unnecessary to remove the gallbladder, the common duct was incised, and a 
T-tube drainage was instituted, after careful examination had been made to make 
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certain that no calculi were contained in it or after calculi had been removed. 
Then the peritoneum to the outer side of the duodenum was bluntly torn; the 
duodenum was rolled inward toward the median line and the head of the pancreas 
was e.xposed retroduodenally. This was carefully palpated for evidence of stone 
in the duct of Wirsung. If any was found it was removed; if none was found, 
the gastrohepatic omentum was incised, through which the pancreas was exposed , 
the capsule of the gland was slit longitudinally, and drainage over the gland was 
instituted by a cigaret drain or a gauze tamponade, depending on the condition of 
the pancreas. A cigaret drain was introduced into the lesser sac through the 
foramen of Winslow, and the abdomen was then closed. 

SUMMARY AND CON'CLUSIOX 

Twenty-two cases of acute pancreatitis with a total jnortality rate 
of 22.7 per cent are reported. Seven of the cases presented the typical 
picture of a sudden onset of severe epigastric pain followed by con- 
tinual vomiting and associated with prostration and cyanosis. In two 
cases presenting a similar picture there was an indefinite previous history 
of a condition simulating gastric ulcer, which was diagnosed as such. 
In another case diagnosed as acute pancreatitis accompanied by obstruc- 
tion of the common duct by calculi and cholangeitis of two weeks’ 
duration there was no shock or cyanosis, but the patient was deeply 
jaundiced. The remainder of the cases presented a less precipitous 
onset, which was suggestive of acute disease of the biliary tract. Atten- 
tion is drawn to the fact that this last-mentioned group of cases 
occurred most commonly in persons under 36 years of age. It is sug- 
gested that in making the diagnosis, acute pancreatitis should be sus- 
pected in everj^ case which presents a history and symptomatology 
suggesting an acute exacerbation of disease of the biliary tract. Imme- 
diate and complete operation, which includes cholecystectomy if the 
gallbladder is diseased or contains calculi, probing of the ducts to assure 
freedom from calculi or to allow for their recognition and removal, 
drainage of the biliary tract and examination of Wirsung's duct, in addi- 
tion to treatment of the pancreatic lesion and the associated peritonitis is 
advocated. ’ 
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COBB PILCHER, M.D. 

AND 

CHARLES THUSS, M.D. 

SASUVIU.E, TESS. 

HI. CEREBRAL EFFECTS OF OCCLUSION OF THE COMMON 
OR INTERNAL CAROTID ARTERIES 

1 lie efficacy of the circle of Willis in establishing’ an adequate col- 
lateral circulation following occlusion of one of the internal or common 
carotid arteries has long been a matter of dispute. Advocated as a rela- 
tivel}' harmless j>rocedure by some authors, ligation of the carotid artery 
has been regarded by many others as an extremely hazardous opera- 
tion, to be undertaken, if at ail, in only the most desperate circum- 
stances. One has only to read the following directly contradictory 
quotations from two eminent American surgeons to appreciate how 
widely divergent are the opinions on this subject: 

Rudolph Matas,’- in 1911, wrote: “A long and abundant experience 
with the surgery of the carotid arter}', amounting in a period of twenty- 
five years to over seventy-eight ligations and extirpations of the common 
trunk and its two branches, has full}'^ convinced me that the risk of 
fatal intracranial and cerebral complications resulting from an insuffi- 
cient collateral circulation is not to be underestimated." 

On the other hand, Harvey Cushing - said : "I have ligated the 
internal carotid mau)'^ times without apparent symptoms. I don't now 
recall any accidents, but there may have been some. I have been careful to 
restrict these ligations to young or middle-aged persons without vascular 
disease. . . . Ligation of the common carotid has little, if any, 

effect on the circulation of head and brain, as anastomoses between the 
two external carotids are surprisingly free.” 

Such discrepancies in opinion, which might be multiplied many 
times from the literature, suggest the need of a critical analytic review 
of the subject. 

From the Department of Surgery, Vanderbilt University School of Medicine. 

1. Matas, R.: Testing the Efficiency of the Collateral Circulation as a Pre- 
liminary to the Occlusion of the Great Surgical Arteries, Ann. Surg. 53:1, 1911. 

2. Cushing, H. : Personal communication to the authors, Aug. 6, 1932. 
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the literature 

The literature, particularly of the nineteenth century, al)ounds in 
isolated reports of cases of ligation of the carotid artery. Scarcely a 
volume of the older journals can be examined without finding several. 
For a long period it was apparently the fashion to publish brief notes 
on single unusual cases, or to mention them in discussion of the article.s 
of others. In most reports on carotid ligation no mention was made of 
cerebral complications. Of those which refer to associated cerebral con- 
ditions. many are so brief as to make the nature, or even the existence, 
of a cerebral disorder extremely doubtful. Furthermore, in pre-Listcrian 
days, inevitable infection, with secondary hemorrhage, embolic com- 
plications and widespread constitutional phenomena, often added further 
confusion to the picture. 

Fortunately, however, several excellent reviews of that period jme- 
sented sufficient numbers of cases of ligation of the carotid artery to 
make a detailed review of most of the early cases unnecessary for the 
purposes of this article. 

According to Garrison.® the use of the ligature was first described 
by Heliodorus (about 100 A. D.) and, shortly thereafter, by Archigenes 
and .Antyllus, the latter describing the proximal and distal ligature for 
aneurysm which still bears his name. 

Although the ancients (as claimed by Chevers,’* in 1845) must have 
had occasion sometimes to tie the carotid arteries for hemorrhage, thev 
avoided these vessels whenever possible.® We are not aware of a specific 
account of carotid occlusion until relatively modern times. 

In 1765, Jean-Louis Petit ® described a patient in whom an aneurvsm 
of the right carotid arter}' had undergone spontaneous healing. The 
patient apparently had no neurologic symptoms, and died seven }’ears 
later of apoplex)-. The aneurysmal sac was completely obliterated. 
Baillie" described a similar case in 1793, and in the same year, according 


3. Garrison, F. H. ; Historj- of Medicine, ed. 2, Philadelphia, W. B. Saunders 
Company, 1917, p. 94. Neuberger, M., and Pagel, J.; Handbuch des Geschichte 
der Medizin, Jena, Gustav Fischer, 1902, vol. 1, pp. 365 and 488. 


4. Chevers, Norman; Effects of Obliteration of the Carotid Arteries on the 
Cerebral Circulation, London M. Gaz. 1:1140, 1845. 

3. Panins Aegineta: The Seven Books of Paulus Aegineta, translated by 
-rancis Adams, London, The Sydenham Society, 1846, vol. 2, p. 311; translator’s 
commentary, ibid. p. 312. Chirurgie de Paul d’Egine, translated by Rene Brian 
Pans, Victor klasson. 1855, p. 181. ' ’ 

6. Petit, Jean-Louis, cited by Cutter.® 

1'. CW'-- Knowledge, 1793, 
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to Cutter, 8 Hebenstreit " nionlioncd a ease in which “the carotid artery 
was wounded during an operation for the removal of a tumor. The 
operating surgeon immediately tied the vessel and the patient lived for 
many years thereafter.” 

John Ahcrncthy, of St. Bartholomew’s Hospital, London, deserves 
credit for the first adequate description of a ligation of the common 
carotid artery. Some doubt exists as to the exact date of his operation. 
The date was given as 1798 by Cutter » and Garrison and as 1803 by 
Pilz”; none was given by Norris.^= Cutter and Pilz referred to the 
same publication by Ahernetliy, while Norris referred to a different 
one.''* The case was also reported in a later treatise^® (1811), the 
only one available to us, but no date was given for the operation. Aber- 
netlij^'s report is very complete and shows careful observation of, and 
sane reflection on, the patient’s condition. The patient had been gored 
in the neck by an ox, with resulting laceration of the left internal carotid 
artery and profuse hemorrhage. The common carotid artery was ligated. 
There developed paralj'sis of the right side and frequent convulsions 
on the left side, and the patient died thirty hours after the operation. 
Postmortem examination revealed extensive “inflammation” of the brain, 
with “injection” of the vessels and “light brown” cerebrospinal fluid.^® 

In 1803, the common carotid artery was ligated by Fleming,^’’ in 


8. Cutter, I. S. .' Lig-ation of the Common Carotid: Amos Twitchell, Surg., 
Gynec. & Obst. (Internat. Abstr. Surg.) iS:l, 1929. 

9. Hebenstreit, E. B. G. : Zusatze zu Benjamin Bell’s AbhandJung von den 
Geschwiiren und deren Behandlung, Leipzig, Weidmann, 1793. 

10. Garrison A P- •345. 

11. Pilz, C. : Zur Ligatur des Arteria Carotis communis, Arch. f. klin. Chir. 
9:257, 1868. 

12. Norris, N. W. : Statistics of the Mortality Following the Operation of 
Tjdng the Carotid Arteries and Arteria Innominata, Am. J. M. Sc. 14:13 (July) 
1847. 

13. Abernethy, J. : Surgical Observations, London, T. N. Longman & O. Rees, 
1804, p. 193. 

14. Abernethy, J. : Surgical and Physiological Work, London', Rees, Arme, 
Brown and Green, 1830, vol. 2. 

15. Abernethy, J. : Surgical Observations on Injuries of the Head, Phila- 
delphia, Thomas Dobson, 1811, p. 72. It seems probable that this publication is 
simply an American edition (perhaps revised) of the treatise referred to by Cutter « 
and Pilz,ri since the quotation made by Cutter appears verbatim in the American 
publication. 

16. Abernethy’s shrewd remarks on this case demonstrate an excellent knowl- 
edge of cerebral physiologi'. For example, he wrote with curiosity: “An effusion 
of blood in the left hemisphere of the brain would affect the opposite side of the 
body in the same manner that cutting off the supply of blood to the left side 
appears in this instance to have done" (p. 81). 

17. Fleming: Med.-Chir. Rev. 3:2, 1827. 
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England, for hemorrhage, and by Cogssvcll,-- ra Amonca, u he conr e 
of removal of a tumor of the neck. The former's patient l.vcd; the 
latter's died on the twentieth day, of secondaiy hemorrhage. Appar- 
entty neither patient showed cerebral symptoms. 

In 1805, Sir Astley Cooper first ligated the common carotid artery 
{or aneur)-sm. Hemiparesis developed on the eighth day, and the 
patient died on the twenty-first day of “inflammation of the sac. 1 le 
operation was repeated successfully (i. e., the patient survived), and 
without apparent cerebral symptoms, by Bjcrken in 1807, this time 
for aneur}'sm behind the ear, and within a few days of that time, 
TwitchelP^ tied the common carotid artery for secondary' hemor- 
rhage following a gunshot wound. In 1808, Cooper again operated 
for aneurysm of the common carotid artery, and this time the ligation 
was successful ; the patient recovered, seemingly without complication, 
and died thirteen years later of apoplexy. 

Valentine Mott,=® in 1818, first ligated the innominate artery, and he 
ligated the common carotid artery many times in his long and active 
career.-* His most important contribution, however, was the applicatioir 
of experimental principles to the subject. In 1831, he reported a careful 
anatomic study of the injected cervical vessels of a patient in whom 
one common carotid artery had been ligated three and a half mon jis 
previously.-" It is surprising that he failed to mention the intracranial 
circulation. 

In the meantime, another interesting use of ligation of the carotid 
artery had been proposed and tested. In 1822, Boileau tied one com- 
mon carotid artery' for hemorrhage in a patient known to have epilepsy, 
and observed that the convulsions ceased “for a considerable time.” 

18. Cogswell, IfL F.: New England J. Med. & Surg. 13:357, 1824. 

19. Cooper, Astley ; A Case of Aneurj'sm of the Carotid Artery, Med -Chir, 
Tr. 1:1, 1812. 

20. Bjerken, cited by Pilz.ii 

Twitchell, Amos; Gunshot Wound of the Face and Neck; Ligature of the 
Carotid Arterj-, New England Quart. J. Med. 1:188, 1843. 
i-w Second Case of Carotid Aneurysm, Afed.-Chir. Tr. London 

: — , 1812; Account of the First Successful Operation Performed on the Common 
Carotid Artery, for Aneurysm, in the Year 1808, with the Post-Mortem Examina- 
Uon, in 1821, Guy’s Hosp. Rep. 1:53, 1836. 

23. Mott Valentine, cited by Burns: Successful Ligation of the Innominate 
- er>, J. A. Af. A. 51:1671 (Nov. 14) 1908, and by Norris.i^ p. 38. The latter 
a so stated that the second innominate ligation was by von Graefe, in 18^^ and 
cited other early ligations. 

and'pilzu references to many of these cases, see the reviews of Norris 12 

in Description of the Circulation of the Head and Neck 

Carotid Artery Had Been Tied, Am. J. Af. Sc, 8:45 1831 
-(>. Bodeau, cited by Norris,r= p. 32. , ’ 
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Shortly thereafter, McClellan '■ tied the common carotid artery in 1 
patient, Becton in 1, and Preston-'’ in 5 patients with “epilepsy,” or 
similar neiirolog-ic comjjlaints."” Subsequently, until after the middle of 
the century, carotid ligation was employed in many cases of various 
neurologic disorders, including trigeminal neuralgia, for which the first 
carotid ligation was done in 1817 by Liston."' In 2 of Preston’s cases, 
both common carotid arteries were ligated, a procedure first carried out 
by Macgill,"" in 1823. 

In the middle third of the nineteenth century, a more critical atti- 
tude began to be adopted. Those who affirmed and those who denied the 
danger of carotid ligation engaged in a spirited controversy, using both 
clinical and e.xj>erimental evidence. Mayer "" performed a series of 
ex])eriments on six varieties of animals, and concluded that “ligation 
of a single carotid artery may occasionally derange much the circulation 
of the cerebral vessels.” On the other hand. Sir Astley Cooper 
reported a masterful series of experiments on dogs and rabbits, in 
which he clearly showed that ligature of one or even of both carotid 
arteries in these animals may cause no major neurologic symptoms, 
whereas the obstruction of only one vertebral artery almost inevitably 
results in serious symptoms such as stupor, paralysis, convulsions or 
disorientation. He made no specific claims of the existence of a 
similar situation in man, but one is led to think that such was his 
belief. 

Both sides of this controversy were well summarized, in 1S45, by 
Chevers ^ in the first of the notable reviews dealing with the subject. 
After discussing the experimental and clinical evidence, he expressed 
the belief that, while ligation of the common carotid artery might often 
be accomplished with impunity, nevertheless, it was a dangerous pro- 
cedure which should be employed only if demanded to save the life of 
the patient: “. . . it would be far better for the surgeon to make 

up his mind to contend with an active hemorrhage than that he should 


27. McClellan; Am.' M.' Rev' & J. 3:328, 1826, cited by Pilz,” p. 372. The 
operation was performed in May, 1826. 

28. Becton, F. E: North Am. M. & S, J. 4:88, 1827. 

29. Preston, J. R.; Tr. M. & Phys. .Soc. Calcutta 5:345 and 359, 1831; 6 : 
394, 396 and 409, 1832. 

30. Several of these cases bear the unmistakable signs of intracranial tumors. 

31. Liston, R.; Cases of Aneurysm, Edinburgh M. & S. J. 16:66, 1820. 


32. Macgill, cited by Norris, ^2 p, 37 . 

33. Mayer; (o) Acta Acad, caes, Leopold. Carol, nat. cur. 6:2, 183 ,{ ) 


reviewed in Edinburgh M. & S. J. 43:487, 1883. 

■34. Cooper, A.; Some E.xperiments and Observations on Tying the Caro, 
and Vertebral Arteries and the Pneumogastric, Phrenic and Sympathetic ^er .. 


Guy’s Hasp. Rep. 1:457, 1836. 
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submit his patient to the chance of fatal hetniplegia, e^•en altiiough lie 
believed that chance to be a remote one.” 

Inman « had previously (1844) included in his tables on operative 
mortality 40 cases in which the carotid artery u-as ligated, but the first 
detailed review of the cases reported in the literature was by George 
W. Norris of Philadelphia. He tabulated 149 cases of carotid liga- 
tion. Of that number, 54 patients died as the result of operation. Severe 
cerebral S 3 ’mptoms appeared earlj' in 25 patients, later (after the third 
day) in 7. Thirteen died of cerebral involvement. The cerebral symp- 
toms varied from transient hemiplegia to convulsions, coma and death. 
He included a discussion of 10 cases in which both common carotid 
arteries had been ligated. In 2 of these both arteries were ligated at 
the same operation, and both patients died within twenty-four hours. 
One of the others had severe cerebral symptoms. Included, also, was 
a discussion of the 9 reported cases in which, up to that time, the 
innominate artery had been ligated ; all the patients had died of sec- 
ondary hemorrhage. No mention of cerebral symptoms was made. 
Subscribing entirely to the opinion of Chevers, Norris stated, “Close 
examination of the cases recorded . . . shows that the operation 
of deligating the carotid has been too generally looked upon as one of 
comparatively little danger; an analysis of them proves that serjou.s 
symptoms frequently follow the mere cutting oflF of the supply of blood 
to the brain through this vessel. . . .” 

The dangers of carotid ligation were similarh- urged by Guthrie ““ 
and brought out in the reviews of Ehrmann ( cerebral symptoms in 
47 of 213 cases). Wood®* (death from “hemiplegia” in 3 of 49 cases) 
and LeFort (cerebral symptoms in seventh-three of 241 cases). In 
1S68 appeared the splendid review of Pilz.’^’^ who reported 586 cases 
of common carotid ligation, with an operative mortality of 38.5 per 
cent, and the appearance of cerebral symptoms in 32 per cent. In his 
lengthy discussion, he pointed out the danger, cited experimental evi- 
dence and concluded that the safety of the operation depends on the 


35. Inman, Thomas: Tables of the Mortality After Operations, Lancet 2-39 

1844. ’ 

36. Guthrie, G. J.: Commentaries on the Surgery of the War in Portugal 

Netherlands, ed. 6, Philadelphia, J. B. Lippincott Companv’ 

1862; Lancet 2:143, 1850. 

3/. Ehrmann, J.: Des effets produits sur I'encephale par I’obliteration des 
vaisseau.x, qui s’y distribuent. Paris, B. Balliere, 1860. 

jS. tVood. J. R. ; Early History of Ligature of the Common Carotid Arten.- 
wih a Report of the Unpublished Operations in the City of New York, New 
or- J. Med. 3:1, 1857. Two cases are mentioned in this report which mav 
Vossibly antedate that of .-\bernethy. 

-'9. LeFort. L.; Gaz. hebd. de med. 11:27, 1864, cited by Pilz.n 
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adequacy of the collateral circulation through the circle of Willis: 
. . von der Integritiit jener Strombahnen und dieses Verbind- 

ungskreises hangt das Leben, odor wcnigstens die voile Gesundheit der 
Opcriei ten ah (. , . on the integrity of the channels and connecting 

circle depends the life, or at least the complete health of the patient).-*® 
Eight years later, James Spence wrote : “There is no fear of 
interrupting the circulation in the brain after ligature of the [common] 
carotid, though this was formerly considered a great danger. Both 
carotids may be tied, and yet the circulation will be carried on per- 
fectly. In IS//, Toland ’■ stated; “I have ligated the common and 
external carotids frequently and in every case successfully,’’ 

With the teachings of Lister and the advent of aseptic surgery, the 
operative mortality and the percentages of infection and of secondary 
hemorrhage all dropped immediately, but the incidence of cerebral 
complications following carotid ligation remained virtually unchanged. 
In 1881 and 1882, Weljaminow reported the cases of 33 patients, 
all operated on with “antiseptic” technic in only 1 of whom cerebral 
symptoms developed. He also found 20 “antiseptic” operations in the 
literature without a fatalit}'. Subsequently, however, in a contradictorj 
report from the same clinic, Hagen-Torn stated that 4 instead of 1 
of Weljaminow’s patients had “indirect brain symptoms.” In 1884, 
after reviewing 800 cases of ligation of the common carotid artery, 
Friedlander concluded that “er die Ligatur der Carotis zur ‘Kupier- 
ung akuter und Besserung chronischer Entziindungen’ versuchen will”^ 
(he [the surgeon] will try ligature of the carotid artery for the arrest 
of acute and improvement of chronic inflammation). In the same year, 
Riegner reported a remarkable patient who had one common carotid 
artery ligated for aneurysm, only to return a year later with an aneurysm 
of the other. This, too, was ligated. The night of the operation the 
patient had contralateral hemiparesis which disappeared by morning. 


40. Pilz,ii p. 414. 

41. Spence, James: Lectures on Surgery, ed. 2, Edinburgh, Adam & Charles 
Black, 1876, vol. II, p. 483. 

42. Toland, H. H. ; Lectures on Practical Surgery, Philadelphia, Lindsay & 
Blakiston, 1877. 

43. Weljaminow, N. A. : Ein-und-zwanzig Falle von Unterbindung der Artena 
Carotis Communis, Vrach 2:749 and 771, 1881; Zwolf Falle von Unterbindung der 
Carotis Communis, ibid. 3:490, 1882; abstr., Zentralbl. f. Chir. 9:787, 1882. 

44. Hagen-Torn, O. : Nothwendige Bemerkungen zu den Artikeln uber 33 
Falle von Unterbindung der Art. carotis communis von N. A. Weljaminow, Med. 

Vestnik, no. 51, 1883; abstr., Zentralbl. f. Chir. 11:430, 1884. 

45. Friedlander, J.: Ueber die Ligature der Carotis, Inaug. Dissert., Dorpat, 

1881; abstr., Zentralbl. f. Chir. 11:429, 1884. _ _ 

46. Riegner, O. : Doppelseitiges Aneurysma der _ Carotis communis, dure 

Unterbindung beider Carotiden geheilt, Zentralbl. f. Chir. 11:431, 1 
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In 1892, Zimmermann collected 65 cases of ligation of the common 
carotid artery reported after 1880. Of these patients 31 per cent died 
and 26 per cent showed cerebral symptoms. Ten years later appeared 
JacobsthaVs two reviews *® of the surgical treatment of aneurysms of 
the innominate and subclavian arteries, respectively. In^ both series^, 
the innominate or common carotid arteries, or both, were ligated in 145 
patients. Of these groups cerebral symptoms developed in 8. These 
figures have little significance, however, in view of the high immediate 
operative mortality. Jacobsthal, although he recognized the danger of 
cerebral complications, Avas inclined to minimize it". Dcr Collateral- 
kreislauf bildet sich meist so schnell und reichlich aus, dass Schadig- 
ungen in Folge ungeniingender Blutzufuhr zum Arm und Gehirn nur 
zelten anftreten” (the collateral circulation generally develops so rapidly 
and completel}'' that changes resulting from insufficient blood supply to 
the arms and brain occur only rarely And again; “Der durch die 
Aeste der 1. carotis und subclavia, durch Vermittelung der r. Verte- 
bralis und Subscapularis . . . hergestelle Kreislauf erweist sich als 

gentigend.” (The circulation formed bj' the branches of the first 
carotid and the subclavian arteries by way of the right vertebral and 
subscapsular arteries . . . proves sufficient).**® 

In 1908, Burns reported 46 cases of ligation of the innominate 
artery. Of these patients, 6 died of “some cerebral lesion.” 


In 1906, there appeared the first of two opinions directly contradic- 
tory to each other, in the French literature. Savariaud,®- in his rerdew 
on subclardan aneur}^sms, stated : “La conclusion . . . e’est que la 

ligature . . . de la carotide, ou de la vertebrale . , . est une 
operation grave, tres grave meme, tant du fait . , , du voisinage 
des collaterales, qu’a cause des troubles cerebraux engendres par ces 
ligatures.” (The conclusion is that ligature of the carotid or of the verte- 
bral artery is a serious, even a very serious operation, oAving to the 


47. Zimmermann, W. ; Ueber die Gehirnerweichung nach Unterbindung der 
carotis Communis, Beitr. z. klin. Chir. 8:364, 1892. 

48. Jacobsthal, H. ; (a) Beitrage zur Statistik der operativ-behandelten 
G 3 ^s'wTooo^' Aneuo'sma der Arteria anonyma, Deutsche Ztschr. f. Chir. 

-3 u, 190-. (b) II. Das Aneurysma der Arteria Subclavia, ibid. 68:239, 1903. 
vo cases of innominate ancurj'sm not included in the first review were reported 

^ 1895). No mention of 

'•trcorai symptoms was made in either case. 

49. Jacobsthal, p. 282. 

5b. 3 acobsthal, 4 S» p. 558 , 

(Nov. Ligation of the Innominate Artery, J, A. U. A. 51:1671 

^ traitement chirurgical des anevrismes de I’artere 
^ousclaviere. Rev. de chir., Paris 34:1, 1906. 
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proximity of the collateral arteries and of the cerebral disturbances pro- 
duced by these ligatures.) 

1 hrce years after this, Guinard.-"-" after stating that he did not believe 
that either immediate or delayed cerebral complications follow ligation 
of the carotid artery low in the neck, if the opposite carotid artery and 
its branches are intact, added : “et alors si on se reporte aux cas de 
ligature carotidienne pour la cure des anevrysmes, c’est-a-dire chez des 
malades qui n’ont pas eu d’operations sur la face, la langue ou le cou, 
il n’y avait pas d’example que le moindre accident cerebral imediat ait 
cte observe” (if one refers to cases of carotid ligature for the cure of 
aneurysms in patients who ha%'e not had operations on the face, the 
tongue or the neck, one will find no example of the slightest direct 
cerebral complication). 

Such was the status of opinion when Matas, in 1911, gave the 
warning of danger quoted in the introduction of this article and when 
Halsted,®^ in 1914, first advocated the use of metal bands for partially 
occluding the artery to increase the collateral circulation. Since then, 
uncomplicated ligations of the common carotid arteries have been 
reported by Shipley and Lynn®® (2 cases), Makins,®® Bond and 
Mitchell,®' Telford ®® and Bolt.®® Griffiths ligated both common 
carotid arteries without the production of cerebral symptoms. In 2 cases 
reported by Dandy, it is uncertain whether the common or internal 


53. Guinard, A. : Traitement des anevrysmes de Ja base du cou, Rev. de chir., 
Paris 39:229, 1909. 

54. Halsted, W. S.; Des partielJe Verschluss grosser Artenen, Verhandl. d. 
deutsch. Gesellsch. f. Chir. 43:349, 1914; Cylindrical Dilatation of the Common 
Carotid Artery Following Partial Occlusion of the Innominate and Ligation of 
the Subclavian, Surg., Gynec. & Obst. 27:547, 1918. 

55. Shipley, A. M., and Lynn, F. S.: Carotid Tumor and Aneurysm of the 
Internal Carotid, Report of Cases, J. A, M. A. 66:1602 (May 20) 1916. 

56. Makins, G. H.: On the Vascular Lesions Produced by Gunshot Injuries 
and Their' Results, Brit. J. Surg. 3:353, 1915. 

57. Bond, C. J., and Mitchell: Arteriovenous Aneurysm of the Common 
Carotid Artery, Brit. J. Surg. 3:307, 1915. 

58. Telford, E. D. : Varicose Aneurysm of Left Common Carotid Artery and 
Internal Jugular Vein, Brit. J. Surg. 3:322, 1915. 

59. Bolt, R. F. : Aneurysm at the Termination of the External Carotid Artery 
and Aneurysmal Varix Between the Bifurcation of the Common Carotid Arterj 
and the Internal Jugular Vein, Lancet 2:1015, 1916. 

60. Griffiths, C. A. : Hemorrhage from a Large Vessel in or About the Base 
of the Skull: Internal Ligature of Both Carotids, Brit. J. Surg. 3:302, 1915. hor 


other such cases, see Locke.®® 

61. Dandy, W. E. : Arteriovenous Aneurysm of the Brain, Arch. Surg. I : 
190 (Aug.) 1928. In the text it is stated that the common carotid artery was 
ligated in both cases (IV and VIII), but in the tables, the internal carotid arteries 

are said to have been ligated. 
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carotid artery was ligated. Cerebral complications occurred after liga- 
tion of the common carotid artery by Makins,"*"’ by Isladden and by 
Bland-Sutton.®® 

In the experimental laboratory in recent years, Chauchard and 
Chauchard®^ studied the “chronaxie” after occlusion of common 
carotid and vertebral arteries. They found no change an hour and a 
half after all four vessels were occluded (in dogs). Houssay and 
Hug®® found that the maximum period of toleration of complete 
ischemia of the dog’s brain was from eleven to fifteen minutes. As 
reported later in this article, my colleague and I recently' found only 
slight transient diminution in the volume of flow of blood through the 
dog’s brain following occlusion of one common carotid artery. 

The operation of ligation of the internal carotid artery has appar- 
ently been employed less frequently. It has been employed or suggested 
in the treatment of intracranial aneurysms and anomalous arterio- 
venous communications ®® and as a preliminary measure to extensive 
operative procedures in the field of its distribution (as in the case of 
Gluck®'), but by far the most common condition for which it has 
been done is the pulsating exophthalmos due, in most cases, to an 
arteriovenous fistula between the internal carotid artery and the cavern- 
ous sinus. The treatment of this condition was admirably reviewed, in 
1924, by Locke,®® who summarized 588 cases, in 38 of which the patients 
were treated by ligation of the internal carotid artery. Twenty-one and 
five-hundredths per cent were “cured,” 65.79 per cent “improved.” 
Death occurred in 7.9 per cent. Locke advocates careful tests for the 
adequacy of the collateral circulation by preliminary temporary occlu- 
sion of the artery at or before operation (under local anesthesia). He 

62. ivtadden, F. C. ; A Case of Marked Temporary- Aphasia After Ligature of 
the Cornmon Carotid Arterj- for Traumatic Aneurj-sm, Brit. M. J. 1:585, 1916. 

63. Bland-Sutton, J. : An Aneurj-smal Yarix of the Internal Jugular Vein and 
Internal Carotid Arterj- with Unusual Complications, Brit. J. Surg. 3:490, 1915. 

64. Chauchard, A., and Chauchard, B. ; Influence de la ligature des arteres 
carotides et vertebrales sur I’excitabilite de I'ecorce cerebrale, Compt. rend. Soc, de 
biol. 99:1572, 1928. 

65. Houssay, B. A., and Hug, E. : Action de I’anemie encephalique sur les 
centres nen-eux et \-agaux cardiaques, gastriques et intestinaux de la tete isolee 
Compt. rend. Soc. de biol. 99:1503, 1928. 

66. Cushing, H, : Contributions to the Clinical Study of Intracranial Aneurysms 
Guy’s Hosp. Rep. 73:159, 1923. Band}'.®!. 

6/. Gluck: Ueber einen Fall von partiellen Resektion des Felsenbeinpyramide, 
nebst Bemerkungen uber die Ligatur des Carotis interna in Canalis carotica Ver- 
bandl. d. deutsch. Gesellsch. f. Chir. 9:37, 1882. 

68. Locke, C. E., Jr. : Intracranial Arteriovenous Aneurj-sm or Pulsatino- 
Exophtbalmus. Ann. Surg. 80:1. 1924. Included in this review are 258 cases of 
common carotid ligation and 21 cases of bilateral carotid ligation. 
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expressed the belief that if this is done the risk of cerebral anemia is 
negligible, but that without such tests, ligation of the common carotid 
arteiy is preferable (mortality, 1.28 per cent in his series). Dandy 
lecenlly staled: “I his condition (arteriovenous aneurysm between the 
internal carotid and the cavernous sinus and its sequelae) is easily 
cured by cither partial or complete ligation of the internal carotid 
aitei}'. Aftci the age of 35, total ligation of the artery is dangerous. 
A partial occlusion of the artery with a band of fascia is just as effec- 
tive as a complete ligation.'' 

COMMENT 

To compute accurate percentages of cerebral complications is impos- 
sible in view of the incompleteness of many reports and the possible 


Table 1. — Age Incidence of Cerebral Complications Folloiving Ligation of the 

Common Carotid Artery 


Ligation for 
Aneurysm Ligation 

Ligation for or Similar for Other 

Age Hemorrhage Lesion Reasons Total 

10 to SO 4 G 0 10 

20 to 30 14 14 4 32 

30 to 40 4 4 0 8 

40 to 50 2 20 2 24 

50 to 00 4 0 2 12 

60 to TO 0 0 0 12 

To and over 0 2 0 2 

Total 34 58 8 100 


extraneous factors involved in many of the cases. From so large a mass 
of such variable material, conclusions may be drawn only with great 
care. However, it is certainly true that occlusion of a common carotid 
artery will be followed by definite symptoms referable to the brain in 
a considerable number of cases (probabl 3 f from 20 to 30 per cent) and 
that occasionally these symptoms will be serious enough to leave perma- 
nent residual damage or, rarely, to produce death. 

Certain factors might be expected to influence the frequency of 
cerebral complications. For example, one might suppose that such 
complications would occur with greater frequency in cases of advanced 
cerebral arteriosclerosis, in which the cerebral circulation may already be 
near its minimum threshold of adequacy and in which the cerebral 
vessels are able to respond but poorly to the demand for establishment 
of a collateral circulation, a supposition emphasized in 1908 by von 

69. Dandy, W. E.: Diagnosis and Treatment of Injuries of the Head, J. A. 
M. A. 101:772 (Sept. 2) 1933. 
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Oppel This does not prove to be the case, however. In table 1 is 
shown the age incidence in 100 cases selected at random { rom the literature 
in which definite cerebral symptoms occurred following ligation of one 
common carotid arterv. It will be seen that in the majority of cases 
the patients were under 50 years of age, hence were probably not aftccted 
by advanced cerebral vascular disease. Further, if the cases of ancurrsm, 
arteriovenous fistula and similar conditions are left out (for reasons 
given in the following paragraph), the incidence is far greater in young 
people. -That young people are more liable to trauma is doubtless an 
important factor in the production of this high percentage. 

In a person with an aneur 3 'sm of long standing or with similar local 
vascular disease a compensating collateral circulation miglit be e.\pectcd 
alread}' to have developed, thus making him less liable to cerebral com- 
plication if the carotid artery is ligated. But in the 259 cases with 
preexisting aneurj'sms or similar lesions reported b^' Pilz cerebral com- 
plications developed in 75 (29 per cent), a figure surprisingly close to 
the inddence of 32 per cent for his whole series. 

There are, tlien, no criteria on which to base a preoperativc prog- 
nosis. Danger apparently exists in all cases. The common (or internal) 
carotid artery should therefore be occluded onh’ in cases in which a 
greater danger lies in permitting it to remain unoccluded. 

IV. EFFECT OF OCCLUSION OF THE COHMON CAROTID 
ARTERIES ON THE VOLUME-FLOW OF BLOOD 
THROUGH THE DOG’S BRAIN 

It is realized that final conclusions regarding man cannot be drawn 
from experimentation on animals alone, but the similarity of the cerebro- 
arterial systems in man and the dog will at least allow the making of 
tentative assumptions. Houssay and Hug,®® using the “isolated head” 
preparation, found the greatest time for which the brain might be 
entirety deprived of blood without loss of the abilit}' to resume its 
function to be from eleven to fifteen minutes. On the other hand, 
Chauchard and Chauchard®^ found no difference in chronaxie after 
occlusion of both common carotid and both vertebral arteries. To our 
knowledge, no studies have been made on the direct effect on the cerebral 
circulation of occlusion of these vessels. 


Thirteen ex^riments ^ere performed on dogs anesthetized by sodium barbital 
(0.3 Gm. per kilogram of body weight) given intravenouslv. Each experiment was 
ggun from t wo to lour hours after the injection of the barbital. The arterio- 

/^O. von Oppel, IV. A.; Zur operativen Behandlung der Arterin vpr,a 
.\ncurj-smcn, Arch. f. klin. Chir. 86:32, 1908. Arte^o-^ enosen 
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venous oxygen cIifTercnce of blood flowitig through the brain was determined by 
the method used in previous studies in this series.'! The common carotid arteries 
(and, m some experiments, the vertebral arteries) were exposed and isolated by a 
midlme anterior cervical incision, and were occluded when desired by means of 
rubber covered “bulldog” clips. Duplicate control determinations were made in 
all e.xpcriments. In nine experiments, one common carotid artery was then 
occluded, and in eight, another determination was made as quickly as possible 
afterward. The interval between the occlusion of the artery and the drawing 
of the samples of blood was usually less than three minutes and never more than 
five minutes. The venous sample was alwaj's drawn first. In seven experiments, 
subsequent determinations were made at intervals of from thirty to sixty minutes, 
and again after two hours in four experiments. In three of the experiments, the 
second common carotid artery was later occluded and the determinations repeated 
immediately and at longer intervals afterward. 


Table 2. — Effect of Occlusion of One and of Both Common Carotid Arteries 







Arterio- 





Arterial 

Venous 

venous 

Change 




Oxygen 

Oxygen 

O.xygen 

from 




Content, 

Content, 

Difference, 

Control, 


Determi- 

Time, 

per Cent 

per Cent 

per Cent 

per Cent 


nation 

Minutes 

by Volume 

by Volume by Volume 

by Volume 

Dog Ca: male: weight, 

I and n 

• • • 

12.90 

9.93 

2.97 


10.2 Eg.; sodium bar- 

(.4verage) 






bltal 3 Gm. intta- 


29 

Clip placed on right common carotid artery 

venously four hours 

in 

30 

12.96 

8.12 

4.84 

+1.87 

before beginning 

IV 

60 

11.55 

8.99 

2.56 

-0.41 

e.vperiment 

V 

180 

12.94 

10.09 

2.85 

—0.12 



290 

Clip placed on left common carotid artery 


VI 

295 

13.17 

7.57 

5.60 

+2.63 


VII 

325 

13.42 

8.30 

5.12 

+2.15 


VIII 

360 

14.51 

9.56 

4,99 

+2.02 


IX 

870 

12.84 

7.15 

5.69 

+2.72 


In four experiments, the effect of occlusion of the vertebral and common 
carotid arteries was studied, the vessels being occluded one at a time, and each 
occlusion being followed by a determination of the cerebral arteriovenous oxygen 
difference. 

RESULTS 

Effect of Occlusion of One Common Carotid Artery.~ln seven of 
the nine experiments there was an immediate moderate increase in the 
arteriovenous oxygen difference (1-87, 3.66, 1.57, 1.65, 1.51, 1.27 and 
2.40 per cent by volume, respectively) ; in one experiment there was a 
diminution of 0.72 per cent by volume. In the remaining experiment, 
no immediate determination was made. The average immediate change 
in the eight experiments was an increase of 1.65 per cent by volume. 
The values in a typical experiment are given in table 2. 

71. Pilcher, C. ; Cerebral Blood Flow: I. The Effect of Intravenous Admin- 
istration of Hypertonic and Hypotonic Solutions on the Volume Flow of Blood 
Through the Brain, Arch. Neurol. & Psychiat. 24:899 (Nov.) 1930. Hamm, L., 
and Pilcher, C. : Cerebral Blood Flow: II. The Effect of Intravenous Injection 
of Hypertonic and Hypotonic Solutions on the Cardiac Output and Blood Pressure, 
ibid. 24:907 (Nov.) 1930. 
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In all seven determinations done from thirty to sixty minutes after 
occlusion of the artery, the direction of change was toward the contro 
level and in five of the seven the values may be said to have returned 
to normal (+0.12, +0.16, -0.49, -0.41 and -0.10 per ce.it by 
volume, respectively). In the remaining two. values of +1-2- and 
+ 1.05 per cent by volume were found, as opposed to + 3.66 and 


T.^ble 3.— Effect of Occlusion of the Second Contnwn Carotid Artery 


Chnnpc from Ln't 
Determination 


Time Followlne 

Clumgc Irotu 

Belore Occlusion 

Occlusion oi 

Control, per 

Second Cnrotld, 

Second Cnrotld, 

Cent by 

per Cent by 

Minutes 

Volume 

Volume 

5 

■f2.C3 

■f2.7.'. 

35 

-r2.ir> 

-42.27 

70 

4-2.02 

-f-2.H 

5S0 

-r2.72 

-42.S4 

1 

-r0.0C 

-40.St 

30 

-rt.OS 

-fB.PG 

.. 5 

-f2.-10 

:t0.00 

30 

-rt.lO 

-41.70 


T.able 4. — Effect of Occlusion of Each Vertebral and Carotid Artery in Scries 





.trteriovenous 




Arterial Oxygen 

Venous O.vygen Oxygen 

Change from 

Dctermi- 


Content, per 

Content, per Differenee, 

Control, 

Time, 

Cent by 

Cent by pet Cent 

per Cent 

nation 

Minutes 

Volume 

Volume by Volume 

by Volume 

I and II 
eWerage) 


17.16 

I2.4S 4.CS 


III 

20 

Clip placed on left vertebral artery 


so 

16.40 

■ u.ro 1.70 

4-0.02 

rv 

35 

Clip placed on left common carotid artery 


45 

16.40 

10.55 5,S5 

+1.17 

V 

50 

Clip placed on right vertebral artery 


CO 

16.29 

10.61 5.63 

4-1.00 

VI 

05 

Clip placed on right common carotid artery 

to 

16.71 

8.53 S.IS 

+3.o0 

vn 

8o 

All clips remoTed 

95 

15.70 

11.21 4.49 

—0.19 


+ 1.65 per cent by volume, respectively, immediately after occlusion of 
the arter}-. Again, in three of the four determinations made two hours 
after occlusion of the arter>-, the arteriovenous ox>-gen difference was 
within the limits of normal (+0.97, —0.24 and —0.12 per cent by 
volume respectively). In the fourth, the value was +2.66 per cent 
> lolume (it had been + 1.65 at one minute and + 1.05 per cent by 
' 0 ume at thirty minutes after occlusion of the artery). The reason 
tor the increase in utilization of oxygen is not apparent. The mean 
ri«cn recorded in this experiment, had already 

m t I c • T 1 

he time ot the last determination. 
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l o summarize, occlusion of one common carotid artery resulted usu- 
ally in an immediate moderate increase in arteriovenous oxygen differ- 
ence, followed by a fairly rapid return toward, or even slightly below 
the normal level. Here it was usually maintained for the two hours 
during which the determinations were made. 

Effect of Siibscquciif Occlusion of the Second Common Carotid 
Artery . — The results are summarized in table 3 and the detailed results 
in one experiment are given in table 2. Immediately following occlusion 
of the second carotid artery there was a definite increase in arteriovenous 
oxygen difference in one experiment and little or no change in the other 
two. However, later determinations showed a marked and sustained 
increase. 

Effect of Occlusion of Both Carotid and Both Vertebral Arteries . — 
The four experiments gave identical results qualitatively, and the 
changes closely approximated each other quantitatively. The detailed 
results in one are given in table 4. Occlusion of one vertebral artery 
resulted in no appreciable change, but occlusion of one carotid artery 
was followed by a definite increase in the arteriovenous oxygen differ- 
ence. Again, occlusion of the second vertebral artery caused little or 
no change, but when a clip was placed on the second common carotid 
artery, there was always a marked increase. When all the clips were 
removed, the arteriovenous oxygen difference returned to a normal or 
slightly subnormal level. 


CONCLUSIONS 

It must be remembered that any interpretation of the results of these 
■experiments in terms of volume of flow of blood depends on the assump- 
tion of a constant consumption of ‘oxygen by the brain throughout the 
experiments. If the consumption of oxygen is constant, the volume of 
flow will vary inversely as the arteriovenous oxygen difference. 
Although there is no reason to believe that the consumption of ox 3 'gen 
of the brain will vary during such experiments, such an assumption 
must, nevertheless, be purely a tentative one. 

If this is borne in mind, it is justifiable to conclude that these experi- 
ments indicate the following: 

1. Occlusion of one common carotid artery of the dog causes^ a 
temporary decrease in the volume of flow of blood through the brain, 
but this decrease is quickly compensated for, largely, no doubt, t roug i 
the collateral pathways of the circle of Willis. 

2. Occlusion of both common carotid arteries of the dog results m 
a sustained diminution in the volume of flow of blood through the brain. 

3. Occlusion of the vertebral arteries of the dog has comparatively 
little effect on the cerebral blood flow. 



ABSORPTION OF 


DEXTROSE FROM THE COLON 


W. W. EBELING, M.D* 

PHILADELPHIA 


Within the past few years McNealy and Willems, ‘ Pre.^nian,= 
Scott and Zweighaft,^ Perusse," Burget, Moore and Lloyd ■' and Collens 
and Boas “ published data on the absorption of dextrose from the colon 
which are not entirely in agreement. The subject is of sufiicicnt 
importance from the clinical point of view to warrant additional studies. 

I reported" the results of studies on the absorption of dextrose 
from the colon of the anesthetized dog. It was assumed at that time that 
anesthesia and the attending operation played little or no part in altering 
the ph3'siologic process of absorption from the large intestine. 

The opportunity arose, however, to study absorption from the colon 
in the unanesthetized dog through the preparation of a colon loop. One 
need not, at this time, comment on the advantages or disadvantages 
of the use of the chronic loop for investigation of intestinal absorption. 
The results of the studies of Ravdin and his associates ® on chronic 
jejunal loops, as well as the results obtained in these e.xperiments, are 
sufficient!}' consistent to permit one to conclude that from the chronic 
loop results may be obtained from which deductions may be drawn 
as to the activity of the intestinal mucosa. The closed colon loop is 
comparable to the colon under normal circumstances, in which one end 
is closed by the rectal sphincters and the other by the ileocecal valve. 

* Hunter Fellow in Surgery. 

From the Laboratory of Research Surgery^ and the Department of Surgery 
(Division C), University of Pennsylvania. 
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METHOD 

Preparation of a Chronic Colon Loop. — The dogs selected for these experi- 
ments were of mongrel breeds and weighed from 12 to 20 Kg. The successful 
preparation of tlie chronic loop was obtained by a two-stage operation done under 
aseptic technic. The anesthetic employed for the operation was ether, admin- 
istered b}' the open drop method. 

The first stage consisted of a midlinc laparotomy incision, following which 
the terminal part of the ileum and the cecum, with its attached appendix, were 
mobilized. A point approximately 4 or S cm. from the ileocecal valve was selected 
for transection of the ileum. The point of transection of the terminal part of 
the ileum depended primarily on the arrangement of the vascular supply to that 
portion of the intestine. The division was usually made midway between two of 
the larger terminal branches of the mesenteric artery. The reason for this care 
is that the stump of the ileum, which remains attached to the cecum, depends 
on the blood supply from the mesenteric vessels rather than on that from the 
colic branches. 

The ileum was divided with the actual cautery between two obstructing liga- 
tures of silk. The two raw ends of the ileum resulting from this transection were 
then buried by means of purse-string sutures of Pagenstecher. The stumps were 
reenforced by one or two through-and-through seromuscular sutures of similar 
material. It was often necessary to free the attachment of the appendix along- 
side the terminal part of the ileum before closure of the distal stump could be 
completed. 

The cecum, with its attached appendix and small stump of ileum, was then 
allowed to drop back within the abdominal cavity, following which an anastomosis 
between the ileum and the lower sigmoid flexure was made. 

The anastomosis of the terminal part of the ileum to the lower sigmoid flexure 
was of the side-to-side type and was placed as low on the sigmoid flexure or 
upper part of the rectum as possible. Anastomotic clamps were employed merely 
to obstruct the enteric flow in the ileum, and likewise to obstruct the fecal current 
in the sigmoid flexure during the anastomotic procedure, the contents of the 
intestine having been milked out prior to the application of the rubber-covered 
clamps. The incisions in the side of the ileum and sigmoid fle.xure usually mea- 
sured about 3 cm. The anastomosis Avas completed with a double row of fine 
Pagenstecher sutures, the serosal surfaces being additionally reenforced with 
occasional interrupted sutures of fine black silk. 

A number 12 to 14 soft rubber catheter was passed by an assistant through the 
anus into the rectum, and was fed through the anastomosis into the terminal part 
of the ileum to the extent of about 2 Or 3 inches (2 or 7.6 cm.). From 6 to 
inches (15 to 20 cm.) of rubber catheter usually sufficed to reach from the ana 
orifice up to and through the ileosigmoidostomy opening. From this one con t 
readily determine how far down on the sigmoid fle.xure the anastomosis had leen 
made. 

The abdomen rvas then closed in layers. Two hundred and fifty cubic centi 
meters of salt solution ivas permitted to remain within the peritoneal cavitj. 

The rectal catheter was usually passed spontaneously after about twent> four 
hours. Following immediate recovery, the dogs were returned to tie amma 
house for convalescence before proceeding Avith the final construction o t le co on 
loop. The animals had diarrhea which frequently persisted for a number of days. 

In the dogs that survnA'ed the initial operation for seA'eral A\ee'S, semiso 
later formed stools finally made their appearance. 
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The mortality in this primary procedure was high. deaUi resulting most irc- 
quently from interference with the blood supply of the terminal pmt of the dc , 
owing to the torsion required to bring that portion of the ileum into contact with 
the lower sigmoid flexure. The dogs that survived this procedure remamed 
apparently healthy, and one in particular, a small wire-haired terrier, gamed 
weight to such an extent that he became rather fat. 

The second stage was proceeded with in from three to six weeks following 
recovery from the primary operation. Laparotomy was jicrfornied through an 
incision of the left rectus muscle. It was surprising to note that in the dogs 
surviving the initial operation, there were few adhesions within the abdomen. 
The anastomosis in each instance was cleancut and well formed. 

The sigmoid flexure, about 3 cm. proximal to the side of the anastomosis, was 
ligated at two levels with silk ligatures placed 1 cm. from one anotlicr. .After 
the knots were tied down, the ends were permitted to remain long and were held 
by hemostats which enabled one to mobilne the sigmoid flexure with case. The 
mesosigmoid was then carefully separated from its intestinal attaclimcnt. special 
care being taken to control hemostasis without obstructing the larger colic vessels. 
The sigmoid flexure was cut through with the actual cautery between the two 
obstructing ligatures, and the stumps were then buried with purse-strings of 
Pagenstecher. Seromuscular mattress sutures of Pagenstechcr were employed to 
reenforce the closure. Both stumps were brought permanently end-to-end by 
means of the last placed mattress sutures, the long or free ends of which were used 
for this purpose. 

The inversion of the stump of the distal part of the sigmoid flexure appeared 
to interfere with the actual anastomosis by somew’hat filling the lumen of the 
sigmoid flexure; however, no difficulty was encountered in the convalescence of 
the animals from this iutereference. The rent in the mesentery was not closed, 
and it appeared to be obliterated in a large part when the two blind ends of the 
sigmoid flexure were brought adjacent to one another. 

The formation of a fistulous opening into the colon loop was carried out as 
follows; The short distal stump of ileum, which had been separated from the 
terminal part of the ileum and which had been left attached to the cecum, was 
brought out of the abdomen through a stab wound to the outer side of the right 
rectus muscle. Its position was maintained with four interrupted sutures of 
silk placed at the ends and sides of the stab wound and passed through the 
serosal and muscular layers of the protruding intestine. Two hundred and fifty 
cubic centimeters of salt solution was placed in the peritoneal cavity and the 
laparotomy incision was then closed in lavers. 

Tile stump of protruding ileum was opened after several days. The opening 
thus accomplished permitted ready entry into the colon loop. A small rubber 
tube measuring about 2 or 3 inches was passed into the colon loop through the 

enterostomy opening, and the colon loop was gently washed out with warm salt 
solution. 

The rubber tube was permitted to remain in the enterostomy opening for from 
twenty-four to forty-eight hours, the loop being carefully washed out once or 
twice during that period, after which the tube was completely removed. The 
togs were then returned to the animal house for convalescence. The colon loon 
was irrigated at frequent intervals during the convalescence and prior to the 
beginning of the absorption experiments. The animals used in these experiments 
appeared to remain quite healtliy. and their wounds healed without complications. 
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Absorption experiments were conducted by the double balloon method described 
by Johnston « and used by Kavdin and his associates « in their studies on small 
intestinal loops. A number 14 French soft rubber catheter was perforated freely 
along that portion which was to lie within the intestinal loop. Two small rubber 
balloons were placed around this main catheter at a point corresponding to the 
abdominal ^\'all wlien the main catheter lay within and throughout the extent 
of tlie chronic colon loop. When the two balloons were distended through their 
separate tubes, the one just within the abdominal loop prevented the catheter from 
coming out of the loop, while the second, just outside the abdominal wail, pre- 
vented the catheter from further entering the loop. Both balloons prevented the 
loss of fluid from the loop. 

Througliout these studies, the dogs were given the routine laboratory diet. 
Absorption experiments were usually conducted in the afternoon, approximately 
eighteen hours after the last meal. 

For each absorption experiment or series of experiments, the catheter with its 
balloon was inserted into the loop through the ileostoni)’' opening and fixed in 
place by distention of the balloons. The loop was then carefully irrigated with 
warm water until all washings returned clear. It is to be noted that after from 
twenty-four to forty-eight hours of disuse, a considerable quantity of thick mucus 
could be washed from the loop. An abdominal binder was usually applied about 
the animal, through one point of which the end of the main catheter entering the 
loop protruded. Bj'' this method, it was possible quickly to introduce fluids into, 
or withdraw them from, the colon loop without disturbing the abdominal binder. 
The abdominal binders were necessary because of the desire of the dogs to chew 
the rubber catheters and balloons while these were in position. 

All the dextrose solutions were freshly made from Bactodextrose. The 
concentration of the dextrose was determined in all instances by the Benedict 
method immediately before and at the completion of each experiment. 

A measured amount of dextrose solution to be used was introduced into the 
cleansed and empty loop. The soft rubber catheter, which extended to the end 
of the loop, was then closed with a Hoffman clamp. At the end of each experi- 
ment, the contents of the loop were withdrawn, measured and placed in a volumetric 
flask, and the loop was then washed out wdth sufficient water to make up the 
volume desired for analysis. 

RESULTS 

Three dogs were used for the experiments reported in this paper. 
Data obtained with the same concentrations of dextrose solution in the 
same dog were quite similar. While in each instance varying concen- 
trations were not run in series (e. g., 5 per cent for the first hour, 10 
per cent for the second hour and 25 per cent for the third hour), in 
all the experiments reported in this paper the different concentrations 
were run serially. It was found that there were minor variations for 
similar concentrations from day to day, although fundamentally, when 
compared with the changes which occurred with the higher concentra- 
tions, they were relatively insignificant. 

9. Johnston, G. G.r 'Proc. Soc. Exper. Biol. & Med. 30:193, 1932. 

10. Benedict, S. R. ; The Detection and Estimation of Glucose in Urine, J. A. 

M. A. 57:1193 (Oct. 7) 1911. 
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Effect of Varying the Concentration of Dextrose.— -Ihc experiments 
^vere planned to test the effect of concentration on the total amount ot 
dextrose absorbed per unit of time. When the concentration was chanpd 
only a little, as from 1 to 2.5 per cent, the amount of dextrose absorbed 
from the 2,5 per cent solution was, as a rule, similar or only slightly 
higher than that absorbed from the 1 per cent solution. This was at 
times true with the change from a 2.5 per cent to a 5 per cent solution. 
The differences between slightlj- different concentrations ncre often 
not as great as those observed by Ravdin and his associates,® when a 

Table 1 .— Effect of Varying the Coiicctitrnliou of Dextrose 


Dog 

Date 

Time, 

Hours 

Volume 

IQ. 

Cc. 

Volume 

Out, 

Cc. 
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In, Gm. 
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Cc. 

Concen- 
tration 
Out, Gm. 
per lOO 
Cc. 
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Mp. 
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-5Ie. 

Total 
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1 
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.5.0 

2,S00 

2,4.50 
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3/10/33 

1 

25 

n 

27.0 
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3/10/33 

1 

25 

so 

5.S 

S.3 

1,430 

tw 

400 


3/10/33 

1 

25 

50 

n.c 

4.3 

2,900 

2,1.50 

7M 


3/10/33 

1 

25 

90 

2S.7 

C.7 

7,lT5 

C,030 

1,14.5 


Table 2. — Effect of Change in Volume, the Concentration Remaining Constant 





Concen- 

Concen- 







tration 

tration 





Volume 

Volume 

In, Gm. 

Out, Gtn. 

Total 

Total 

Total 

Time, 

In, 

Out, 

per 100 

per 100 

Id. 

Out, 

Dost, 

Hours 

Cc. 

Cc. 
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1 

23 
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*5 «- 

1.325 
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SO 

51 

0.3 
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2,650 
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X 

25 

43 

lO.G 

4.3 
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2,160 

490 

1 

50 

96 

10.9 

4.3 
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1 

25 

71 

20.4 

7.9 
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X 

50 

SO 

26.1 

12.3 
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10,947 
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X 

25 

31 
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2.9 
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1 

50 

46 

5.3 

4X 

2,650 

2.203 
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1 

25 

50 

10.6 

4.6 

2,650 

2,300 

350 

1 

50 

73 

10.9 

6.0 

5,450 

4,SS0 

1,070 

1 

25 

75 

26.4 

7.1 

6,600 

5,325 

1,275 

1 

50 
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26.3 

10.1 

13,150 

10,903 

2,242 


more rapidly absorbing membrane, the jejunum, was used. With the 
change from a 10 to 20 or 25 per cent solution, there was a decided 
increase in the absorption of dextrose per unit of time (table 1). 

Effect of Change in Volume, Concentration Remaining Constant. 

With an increase in the volume of fluid introduced into the loop, con- 
centration remaining constant, there was a larger amount of dextrose 
absorbed, ^^'hile this difference was most pronounced in the higher (25 
per cent) concentrations, it was quite obvious in the lower (from 5 
to 10 per cent) concentrations (table 2). 

Effect of Incrcashig Concentration on Fluid C/iaiipe.— With the 
OMer concentrations of dextrose (1. 2.5 and approximately 5 per cent 
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solutions), little or no increase in the fluid volume occurred, althoueh 
secretion occurred in the empty loop. On the contrary, with the lower 
concentrations, there was an actual loss of fluid through absorption 
With the higher concentrations (10 per cent), there was a constant 
increase in the fluid content of the loop, and with the 25 per cent 
solution, the increase in fluid volume was proportionately greater. These 
findings are consistent with those which one would expect when hypo- 
tonic and h^’pertonic solutions are used. Although more dextrose is 
absorbed from the higher concentrations, fluid is drawn into the colon 
loop from the patient’s body stores. 

Effect of a Cltaiiging Fluid Volume by Varying Concentration . — 
There was a rather constant and rapid decrease in the concentration 
of the dextrose solution within the loop, in a unit of time, when the 
5, 10 and 25 per cent solutions were used. This undoubtedly depended 
on a relativel}^ constant mobilization of fluid and absorption of dextrose. 
^Vith lower concentrations (from 1 or 2.5 to 5 per cent), the changes in 
concentration were not so great. Data obtained from dogs in which 
hypotonic solutions were used indicated that the colon at times was 
actually capable of withdrawing water from the hypotonic dextrose 
solutions more rapid!}'’ than it took up the dextrose. When rapid fluid 
absorption is desired, h3'potonic solutions are more desirable. 

Comparison of Rate of Dextrose Absorption in Chronic Colon Loop 
of Uiianesthetiaed Animal with Rate of Absorption in Isolated Colon 
of Intact Anesthetized Animal— With, increasing concentrations of 
dextrose in the isolated colon of the anesthetized animal, there was an 
increasing amount of dextrose absorbed. With increasing concentrations 
in the unanesthetized animals, there was likewise an increase in the fluid 
volume, as would be expected. 

Slightly greater amounts of dextrose were lost for a given concen- 
tration in the acute experiments under anesthesia. However, this dif- 
ference may be explained by the fact that the entire colon was used in 
the anesthetized dogs and a greater quantity of a given concentration of 
fluid was employed in each instance. This was shown to result in the 
absorption of a greater amount of dextrose. 

Rate of Absorption in Chronic Colon Loop as Compared with Rate 
of Absorption in Chronic Jejunal Loop. — ^The highest average absorp 
tion of dextrose from the chronic colon loop (dog 425), when 25 cc. 
of a 5.8 per cent solution was placed within the loop, was 460 mg. in one 
hour. The nearest figures of RaA'^din and his associates gave an 
absorption of 260 mg. in one instance when 20 cc. of a 5.3 per cent 
solution was used, aird 607 mg. in another instance when 20 cc o a 
5.6 per cent dextrose solution had been placed in the chronic jejuna 
loop for but fifteen minutes. The highest loss of dextrose from an 
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approximately 25 per cent solution when 50 cc. had been placed m 
the colon loop tor one hour was 2,790 mg. When aO ce. o approxi- 
mately 30 per cent dextrose solution had been placed in the jejuna 
loop 2,200 mg. was lost in fifteen minutes. This comparison further 
substantiates the fact that the colon will absorb dextrose at a much 
slower rate than the jejunum. 


COMMEKT 

The preparation of a chronic colon loop, as outlined, carried nith 
it a high operative mortality, but once the loop was completed, it offered 
a means of studying absorption from the colon in the unanesthetized 
animal whose intestinal loop had its nerve, blood and lymphatic suppl} 
intact. This tj’pe of chronic loop provides a method for repeated study 
in the same animal over a long period of time. On the basis of sections 
removed from one colon loop and from comparison of repeated studies, 
it appears that these loops remained histologically and physiologically 
normal over an indefinite period. 

It was shown that the rate of absorption of dextrose from the 
colon increased slightly with increasing concentrations up to 5 per cent, 
which approximates an isotonic solution. With increasing concentrations 
beyond this point, there was a decided increase in the rate of dextrose 
absorbed. It was further shown that with an increase in the volume of 
solution, concentration remaining constant, there was a decided increase 
in the dextrose absorbed. 

Comparing these data with those obtained on absorption of dextrose 
from the entire and isolated colon in the anesthetized animal, it is 
evident that anesthesia per se made but little difference in the conduct 
of the colon as a physiologic unit. When compared with the results 
obtained on chronic jejunal loops by Ravdin and his associates,^ as well 
as the results obtained in the low ileac loop in the anesthetized animal, 
it was shown that the colon absorbs de.xtrose at a much slower rate than 
does the ileum or jejunum. 

These studies substantiate the results of my previous investigation 
on the absorption of dextrose solution from the colon. It appears that 
the amount of dextrose absorbed from the colon is too small to be of 
any considerable clinical value. 


COXCLUSIOXS 

1. The chronic colon loop affords a simple and efficient method 
ior the study of absorption of dextrose solutions from the colon. 

2. The rate of absorption of dextrose depends primarily on the con- 
ceutrattou ot the solution used and the quantitt* placed within the colon. 
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3. These studies further substantiate the view that the colon as a 
means of introduction of dextrose into the body mechanism is inadequate 
for clinical needs, and, further, actual harm may result from the use 
of hypertonic solutions, owing to withdrawal of water. 

Note. — In an article by Cutting just published (Cutting, R. A.: 
Absorption of Dextrose and Water by the Small Intestine and the Colon, 
Arch. Surg. 29: 643 fOct.j 1934) exception was taken to my earlier 
studies because they were conducted "under anesthesia and after exten- 
sive intra-abdominal surgical manipulations.” The experiments reported 
in the present paper are devoid of this criticism; yet the conclusions 
reached are essentially the same as those previously reported. The 
present data are the only ones reported on experimental animals n-ith a 
chronic condition. 



END-RESULTS OF OPERATION ON THE 
THYROID GLAND 


CARL O. RICE, M.D. 

MISKEAPOLIS 


Surgical inter\'ention is considered the proper treatment for the vari- 
ous types of tliyroid disease ; still one must admit that there is mpch to 
be desired in this field. It is difficult to evaluate completely the results 
obtained, even under the best conditions, owing to the numerous variable 
factors which may be encountered in procuring the data. 

Crile ^ reported from the Cleveland Clinic that 86.3 per cent of more 
than 12,000 patients treated for hyperthyroidism were able to resume 
their former occupation in less than a year after*the operation. Moore * 
reported cures in 82.7 per cent of persons with exophthalmic goiter, in 
88.9 per cent of those with adeiromatous goiter and in 51 per cent of 
those with secondary exophthalmic goiter (toxic adenoma) . What con- 
stitutes a cure he did not state, and therefore it is difficult to know on 
what basis the cures may be evaluated. From the Portland Clinic, 
Joyce® reviewed the results in 1,066 patients treated by operation, most 
of whom had exophthalmic goiter or toxic adenoma. Eighty per cent of 
the patients were well and strong and able to work. His observations 
were made from three to six years after thyroidectomy. Rapid and 
irregular heart action w^as the most common residual symptom. There 
was recurrence of the goiter in 3.6 per cent of those rvith adenomatous, 
goiter and in 5.7 per cent of those with hyperplastic goiter. . In a small 
series, Dunhill ^ found that 90 per cent of the patients were able to return 
to a normal mode of living after thyroidectomy for hyperthyroidism. 
Coder and Potter,® reviewing the cases in University”^ Hospital, Ann 
Arbor, found that complete rehabilitation occurred in 91.4 per cent of the 
patients with exophthalmic goiter, in 95.6 per cent of those with toxic 
adenomas and in 94.5 per cent of those with nontoxic adenoma. How- 


From the Department of Surgery, University of Minnesota. 

1. Crile, George; Diagnosis and Treatment of Diseases of the Thyroid Gland, 
Philadelphia, W, B. Saunders Company, 1932, chap. 39; Thyroidectomy; Its 
Indications and End-Results, Practitioner 125:661, 1930. 

2. ifoorc, J. C.; Subtotal Thj-roidectomy ; Deductions from 1.700 Cases 

Xortluvest Med. 31:118, 1932. ’ 

n, M.; Thyroid Surgery at the Portland Clinic, Ann Sur<r 

91:^63, 1931, ■ b - 

4. Dunhill, T. P.: Toxic Goiter, Practitioner 125:672, 1930. 

Snrg.’Ss En'i-R«ults of Thyroidectomy, Ann. 
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ever, when these apparently satisfactoiy results were analyzed further, 
It was found that only 48.3 per cent of the patients with exophthalmic 
goiter and toxic adenoma had no residual symptoms. Residual cardiac 
symptoms were found to a greater or less degree in 26.8per cent of those 
with exophthalmic goiter and in 34.4 per cent of those with toxic adeno- 
mas. It was also pointed out that the patients who were operated on 
earliest in the course of the disease were more free from residual symp- 
toms after a period of years than those who had the condition for a 
longer time before surgical intervention was attempted. 

Many patients who show only a few residual symptoms and are 
able to resume their former economic station are, nevertheless, definitely 
handicapped as a result of the remaining symptoms. 

In reviewing Richter’s results following thyroidectomy for hyper- 
thyroidism Elliott ® found that 70 of 100 patients were well, whereas 
the remaining 30 were aware of some disability. Definite evidence of 
visceral injury as a result of hyperthyroidism was present in 41. He 
stated that the failure to obtain ideal results may be attributed largely 
to the failure to make an early diagnosis, thereby neglecting surgical 
therapy until damaging and frequently permanent visceral symptoms 
occur. 

Alfred H. Noehren,’’ from the Buffalo clinic for the treatment of 
thyroid disease, reported the results of 100 consecutive operations three 
months postoperatively, and concluded that between 80 and 90 per cent 
of the patients were cured at that time. This period of observation is 
too short to determine cures, but it is interesting to note that his per- 
centages are comparable to those obtained by other investigators who 
studied their results over longer periods of time. 


MATERIAL FOR THE PRESENT INVESTIGATION 


A clinical study of all patients with goiter operated on at the Minne- 
sota General Hospital from January 1918 to January 1931 was under- 
taken. There were 527 patients. Sixty-nine per cent were female and 
31 per cent were male. Patients with toxic goiter constituted approxi- 
mately 80 per cent. The exact frequency of each type was : 


Exophthalmic goiter 
Toxic adenoma .... 
Nontoxic adenoma.. 

Colloid goiter 

Cancer 

Thyroiditis 


No. of 

Per 

Cases 

Cent 

292 

55.6 

121 

22.8 

98 

18.6 

7 

1.3 

S 

0.9 

4 

0.8 


6. Elliott, Charles A.: The Results of Thyroidectomy for Hyperthyroidism 
from the Internist's Standpoint, Proc, Internat. Assemb. Inter-State Post-Gra 
M. A. North America 6:519, 1930. 

7. Noehren, Alfred H.: Results of Thj'roidectomy, Ann. Surg. 93;1[>4S, I^JL 
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Consents on the symptoms of the various thyro.d dtsoases arc so 
readily available that they have not been included here. It rs mteiestmg 
to note, however, that the average duration of sj-mptoms before opera- 
tion in the various diseases is somewhat variable, as can be observed m 
those cases on which sufficient data were obtainable. 


TjTie 

Exophthalmic goiter. 
Toxic adenoma 


No. of 
Cases 

261 

112 


Duration 
of Hyi^r- 
thyroidism, 
Montlis 

20.1 

34.4 


Type 

Nontoxic adenoma 

Colloid goiter 

Cancer 


Duration 
No. of of Goiter, 
Cases Months 

82 66.5 

5 109.4 

5 512 


The average duration of the cases of exophthalmic goiter in which 
complete cures were reported was less than that of those in which cures 
were not satisfactor}'. This did not appear to be true of the cases of 
toxic adenoma, but the discrepancy may have been due to the fact that 
there were not enough cases in this group to make conclusions from them 
reliable. Percentage of improvement in relation to the duration of 


sjTnptoms was as follows : 


No. of 

Duration of 
Symptoms, 


Cases 

Months 

Exophthalmic goiter 

100% improved 

28 

10.9 

75 to 99% improved 

69 

18.0 

Q to 74% improved 

15 

53.0 

Toxic adenoma 

100% improved 

9 

29.3 

75 to 99% improved 

25 

24.3 

0 to 74% improved 

7 

22.8 


The response of the pulse rate and basal metabolic rate to the 
administration of iodine preoperativety was interesting. In the patients 
with exophthalmic goiter the pulse rate and basal metabolic rate showed 
a definite decline except in a few instances. In the group with toxic 
adenoma, this reaction was not as uniform. Some patients showed a 
dehnite decline in the pulse rate, but others showed an increase or no 
change. These facts are being investigated from a statistical stand- 
point, and will be dealt with in a subsequent article. 


EXD-RESULTS 

In an effort to determine the end-results obtained, follow-up letters 
"cre sent to ail patients, and subsequent examinations were made 
" lenever possible. Many could not be traced, owing to change of 
a dress or to lack of response to the letters. Two hundred and ten 
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replies were received. Only a few patients ( 27 ) returned for personal 
observation, TJie results observed in that group corresponded well 
with those reported in response to tiie questionnaire, but in view of 
the fact that there was not a sufficient number of cases from which to 
draw accurate conclusions, they were left out of consideration in the 
tabulations, in order to avoid the possibility of confusing the end-results. 

An effort was made to estimate the percentage of improvement in 
each case on the basis of information received in answer to the ques- 
tionnaire. The patients who reported no residual symptoms were 
graded 100 per cent improved. The others were graded by estimating 
from the response to the questionnaire, much as one would study an 
examination paper, the percentage of improvement in each case. These 
estimations are, of course, not free from error, and are subject to the 
same criticism that one ma}’^ attach to the results from any questionnaire. 
Figures were used in an attempt to establish something more tangible 
than is expressed by the words excellent, good, fair, poor and rehabili- 
tated, which are fraught with as much possibility for variation as would 
be expected from the numerical estimations. 

The questionnaires were examined by Dr. Adam Smith (internist), 
and it was found that his grading corresponded, on the whole, very 
closely witli mine. He estimated the same number of patients as cured, 
but graded each of the improved patients as having approximately 5 
per cent more disability. This seems to indicate that the questionnaires 
have been properly evaluated, for in all probability the estimations of 
two men could not approach one another more closely. The degree of 
improvement was as follows; 

No. of Cases Per Cent 



. 125 



Perfect (100% improved) 

Excellent (85 to 99% improved).. 

Good (75 to 84% improved) 

Fair (50 to 74% improved) 

Poor (1 to 49% improved) 

. 30 
, 60 
, 12 

S 

3 

12 

3 

24.0 

48.0 
9.6 j 

4.0 
2.4 
9.6 
2.4 

1 81.6% 
f satisfactorily 

I rehabilitated 


51 




10 

19.6 ; 

1 


23 

45.1 

76.4% 


6 

11.7 J 

I 


0 

0.0 



3 

5.8 



4 

7.8 



S 

9.8 



23 




5 

21.71 

73.7% 


8 

34.7} 

■ satisfactorily 


4 

17.3] 

rehabilitated 



1 

4.3 



0 

0.0 



4 

17.3 



1 

4.3 
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It is e\ddent from the preceding record that although only a small 
percentage of tlie patients obtained perfect results, a large group 
obtained satisfactory results and could be classified as cured, rehabili- 
tated or able to resume their former economic station. In the patients 
graded from 75 to 90 per cent improved many of the residual symptoms 
were of minor importance and did not appreciably incapacitate the patient. 
Cardiac palpitation, dyspnea on exertion, weakness of the legs and 
tremor of the hands were the residual S3'mptoms most frequentlj’ 
observed. They were minimal in many cases. 

Eighty-seven per cent of those who responded to the questionnaire 
said they were better after the operation than before. On closer inspec- 
tion of the indiwdual questions it was discovered that some persons 
were only slightly better. Some of the questions were completely 
ignored. A tabulation of the answers revealed the following results : 


Do you feel better, worse or the 

Better 

Worse 

The same 

No reply 


same as before your operation? 

184 S7.6% 

8 3 . 8 % 

16 7 . 6 % 

2 0 . 9 % 


Is your nervousness more, less or the 

More 

Less !!!!!! 

The same " | ' 

No reply 

Does your heart pound or flutter? 


same as before 

.... 191 
.... 161 
.... 33 

7 


your operation? 
42 % 
76 . 6 % 
15 . 7 % 
3 . 3 % 


Yes 

No 

No reply 

Have you gained or lost weight or is it the 

Gained 

Lost 

The same ! . ! ' 

No reply ’ 

Do you perspire too easily? 


79 

102 

29 


37 . 1 % 

48 . 5 % 

13 . 8 % 


same as before 
169 
13 
9 

19 


your operation? 
80 . 4 % 

6 . 1 % 

42 % 

9 . 4 % 


Yes .... 

No 

No reply ’ ’ ^ 

Is your appetite good, poor or too good? 
Good 

Poor 

Too good . . . . .' 

No reply 

Do you become short of breath when walkin 
les 

No II 

No reply Ill 

Do you have any shaking of your hands? 
Tes . . 

No 

No reply 


57 

105 

48 


127 

12 

22 

49 

g upstairs ? 
88 
83 
37 


46 

119 

45 


27 . 1 % 

50 . 0 % 

22 . 8 % 


60 . 4 % 

5 . 7 % 

10 . 4 % 

23 . 3 % 


41 . 9 % 

39 . 5 % 

17 . 6 % 


21 . 9 % 

56 . 6 % 

21 . 4 % 
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Do you have any diarrhea? 


Yes 16 

No 184 

No reply 10 


Has 3 '^our goiter grown since your operation? 


Yes 17 

No 157 

No reply 36 


7 . 6 % 

87.6% 

4.7% 


8 . 0 % 

74.7% 

17.1% 


Do you notice any weakness in your legs now? 


Yes 70 33 . 3 % 

No 119 56.6% 

No reply 21 10.0% 

Are you stronger, weaker or the same as before your operation ? 

Stronger 135 64.2% 

Weaker 27 12.8% 

The same 32 15.2% 

No response 16 7.6% 

Is the scar on your neck rough or smooth? 

Rough 19 9.0% 

Smooth 142 67.6% 

No reply 49 23.3% 

Have you noticed any change in your voice since the operation? 

Yes 32 15.2% 

No 63 30.0% 

No reply 115 54.7% 

Are }'our eyes more prominent, less prominent or the same as before your 
operation ? 

More 13 6.1% 

Less 28 13.3% 

The same 39 18.5% 

No reply 130 61.8% 


Have you any other ailments? If so, what? 


Yes 92 43.8% 

No 65 43.8% 

No reply S3 25.2% 


By further investigation of the response to the last question it was 
shown that of the patients whose improvement was less than 75 per 
cent, 70.7 per cent had other ailments, whereas of those whose improve- 
ment was gi'aded 75 per cent or more, only 38.2 per cent had other 
ailments. This may be significant only to the extent that it suggests 
that some of the symptoms which had been attributed to goiter, perhaps 
by both the physician and patient, may have had their origin elsewhere. 

The other ailments were variable, and included gynecological dis- 
orders, disease of the gallbladder, "dyspeptic” troubles, intestinal dis- 
orders, frequent headaches, dizzy spells and fainting spells. Anything 
which could not be attributed definitely to the thyroid condition was 
included among the other ailments. A check on the other ailments 
has not been included in this study. 

The hospital mortality for the entire group was 2.2 per cent. This is 
a little higher than was found in a more recent series, which shoved 
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1 36 per cent dnring the years from 1928 to 1931.* The difference may 
be accounted for, however, by the fact that the enwe group .ndute 
patients operated on before the use of iodine had become cslabhshcd 
and also includes patients operated on by seventeen surgeons over a 
period of txvelve years. Crile reported an operative mortality ot O.bO 
per cent. Goetsch® had an operative mortality of 1.25 per cent m a 
series of 1,755 cases. He remarked that the fatal outline was not 
related to the type of operation, for it occurred after ligation, lobectomy 
or bilateral subtotal thyroidectomy. It was his opinion that the injudi- 
cious use of iodine was a contributing factor in increasing the risk, by 
making the patient refractory to iodine. 

An estimation of the results based on the amount of thj’roid tissue 
remaining was not made, because there were so many surgeons involved 
and the possibility of error in matching one surgeon's “third of a 
normal-sized lobe” witir that of another would be too great. Until the 
amount can be more accurately expressed such an estimation will be 
without value. 

CONCLUSIONS ANt> SUMMARY 


It appears that the results from operation on the thyroid are by no 
means ideal. It seems safe to state that approximately 25 per cent of 
the patients will receive perfect results, 60 per cent more will obtain 
satisfactory results, and the remaining 15 or 20 per cent will remain 
more or less incapacitated and may even require further therapy. 

Eighty-seven per cent of those who responded to the questionnaire 
indicated that they were improved. The subsequent course of those 
wdth poor results has not been accurately ascertained. Some have 
returned for a second operation and others have recetyed roentgen-ray 
therapy, but most of them have not been follorved up, owing to the 
lack of adequate follow-up methods at the time of operation. 

The shorter the duration of hyperthyroidism the more satisfactory 
were the results following thyroidectomy. 

The administration of iodine caused a definite improvement, with 
a reduction in the pulse rate and basal metabolic rate, in patients Avith 
exophthalmic goiter. Patients with toxic adenoma failed to show uni- 
formly an improvement after the administration of iodine. 

Only a few patients (11 per cent) reported no improvement. 

^ klore accurate diagnosis and evaluation of the other symptoms 
might aid m the elimination of surgical treatment for those patients 
w 10 suffer from ailments not related to thyroid disease which may be 
the underlying factor in their disability. 


Comparison of the Goiters from the State of Minne=ota 
hose from the Canton of Bern, Switzerland, West. J. Surg. 40:506, 1932 
oetsch, Emil; Mortality in Goiter Operations, Ann. Surg. 94:167, 1931. 
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The results obtained in this clinic from roentgen-ray treatment of 
exophthalmic goiter are being investigated by Dr, Adam Smith. 
Anticipating these results after observing many of the cases, it appears 
that with the exception of the time factor the end-results from surgical 
or roentgen-ray therapy will be found to approach each other closely. 
However, the time factor may be the most important feature in the 
cure of exophthalmic goiter as indicated in this article, because during 
the six to nine months which are required to obtain results by roentgen- 
ray therapy the patient may become definitely more toxic. Therefore 
the choice of surgical intervention in preference to roentgen-ray therapy 
may be an important factor in determining the end-result to the best 
advantage of the patient. 

1218 Medical Arts Building 



INFLUENCE OF EXPOSURE TO COLD AND OF 
DEPRIVATION OF FOOD AND WATER ON 
THE ■ DEVELOPMENT OF SHOCK 


ALFRED BLALOCK, M.D. 

NASHVILLE, TENN. 


My earlier experiments^ and those of Parsons and Phcmister 
showed that severe trauma to an extremity causes a sufficient loss of 
red blood cells and of blood plasma into the injured tissues to account 
for the associated decline in blood pressure. These studies were per- 
formed at room temperature on animals which had not been deprired 
of food and water. The present experiments were carried out to deter- 
mine the effects of cold and of the deprivation of food and water on 
the minimum loss of blood necessarj'^ to produce death. Loss of blood 
was produced in some instances bj’^ the removal of blood tlirough a 
cannula that had been placed in the femoral artery and in others by 
injury to the muscles. 

METHODS 


AU oi the animals were anesthetized and exhibited no evidence of pain. A 
cannula that was connected to a mercury manometer was introduced into the 
femoral or carotid arteries in order that the blood pressure might be determined. 
In the experiments in which the effects of bleeding were studied, whole blood 
equaling 1 per cent of the body weight was removed from the femoral arterj' at 
One hour intervals until death occurred. In the experiments in which the effects 
of injury to the muscles were studied, the trauma W'as produced by striking one 
of the posterior extremities repeated blows with a hammer. Following death in 
the latter experiments, the difference in the weights of the traumatized and non- 
traumatized posterior extremities was determined by a method that has been 
described prewously.^ Hematocrit determinations were performed in some of the 
studies. 

In some of the experiments in which the influence of exposure to cold w’as 
studied, pentobarbital sodium -was used as the anesthetic. The pentobarbital sodium 
was introduced intravenously in the dosage of 30 mg. per kilogram of body weight. 
If normal animals are given this amount of pentobarbital sodium, they usually 
regain consciousness in approximately four hours. In several instances it ivas 
necessaiy to supplement the initial injection by additional pentobarbital sodium in 


From the Department of Surgery of Vanderbilt University. 

t „ ^ grant from the Fluid Research Fund of the Rocke 

lellcr Foundation. 

Shock: The Cause of the Low Blood 
c.mre Produced by Ikluscle Injurj-, Arch. Surg. 20:939 (June) 1930. 

LimU Phemister, D. B. ; Hemorrhage and Shock in Traumatized 

Limbs, Surg., Gynec. S: Ohst. 51:196, 1930. 
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order to maintain deep anesthesia. In other experiments, large doses of morphine 
were used as the anesthetic. In the studies in which an extremity was trauma- 
tized, the morphine was supplemented by ether anesthesia while the trauma was 
being produced. In a few experiments, sodium barbital (0.3 Gm. per kilogram of 
body weight administered intravenously) was used as the anesthetic. The tem- 
perature of the room was approximately 4 C. (39,2 F.). The rectal temperature 
of the animals was determined frequently. 

In the experiments in which the influence of deprivation of food and water 
was studied, sodium barbital (0.3 Gm. per kilogram of body weight administered 
intravenously) was used as the anesthetic. No food or water was given during 
the forty-eight hours preceding the injection of the barbital. One hour following 
the introduction of the barbital, blood was removed from the femoral artery, or 
an extremity was traumatized. 

experimental results 

Exposure to Cold . — Pentobarbital Sodium as the Anesthetic ; Twenty- 
control experiments were performed in which the effects of exposure 
to cold under pentobarbital sodium anesthesia were studied. No bleeding 
was produced. In ten of the experiments, additional pentobarbital 
sodium was administered during the course of the observations. All 
of the animals with the exception of four died. The length of time 
that the remaining sixteen lived varied from one hour and forty-five 
minutes to fifteen hours. The average period of survival was five 
hours and forty-six minutes. The terminal decline in the arterial blood 
pressure in all the experiments was abrupt. The blood pressure usually 
remained at a high level until a short time before death. Associated 
with a marked slowing of the respiratory rate, a rise in blood pressure 
occurred, and this was followed in a short while by a decline of the 
blood pressure to zero. In several experiments the respiratory move- 
ments ceased about ten minutes before the heart stopped beating. The 
rectal temperature at the time of death in the various experiments 
varied from 21.5 to 32.8 C. (70.7 to 91 F.). The average terminal 
temperature in the sixteen expei'iments in which death occurred was 
25.85 C. (78.53 F.). There was an increase in the concentration of 
the red blood cells in all of the experiments in which hematocrit deter- 
minations were performed. In one experiment the percentage of red 
blood cells increased from 40 at the time of the control studies to 56 at 
the time of death, an increase of 40 per cent of the original hematocrit 
determination. In another the increase was from 49.6 to 66.6 per cent. 
The smallest increase that was observed in an experiment in which 
death resulted was from 40 to 43.6 per cent. The results of these 
experiments are given in table 1. 

Nineteen experiments were performed in which blood was removed 
from the femoral artery of animals which had been given pentobarbital 
sodium and exposed to cold surroundings. Additional pentobarbita 
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sodium was given to six of the animals. As has been stated, whole 
blood equaling 1 per cent of the body weight was removed each hour 
until death occurred. The duration of the experiments varied from 
one hour and thirty minutes to seven hours and twenty minutes. The 
average duration of the experiments was five hours and sixteen minutes. 
The decline in the blood pressure was gradual in sixteen of the nineteen 
experiments. In the remaining three, the blood pressure remained at a 
high level until shortly before death, when an abrupt decline took place. 
The loss of blood that was associated with death in these three experi- 
ments was small. In one experiment it equaled 2 per cent of the body 
weight ; in the second, 1 per cent, and in the third, 3 per cent. The total 
quantity of blood that was remoA'ed in the various experiments varied 
from 1 to 7 per cent of the body weight. The average amount removed 
in the nineteen experiments equaled 4.86 per cent of the bod)' weight 
or approximate!)' one half of the estimated blood volume. The rectal 
temperature of the animals at the time of death varied from 24.5 to 
35.1 C. (76.1 to 95.2 F.). The animal which tolerated hemorrhage best 
had the highest temperature at the time of death. Hematocrit determi- 
nations were performed frequently in six of the experiments. In all 
instances, an increase in the concentration of the red blood cells was 
noted during the early part of the experiments. When the blood 
pressure fell to a low level, dilution of the red cells occurred. At the 
time of death, the hematocrit reading was approximately the same as it 
had been during the control period in four of the experiments. In one 
experiment a slight concentration persisted, and in the remaining experi- 
ments there was a definite dilution. The animal in which the marked 
terminal dilution of the red blood cells occurred had the highest tem- 
perature at the time of death. The figures in the table that refer to 
hematocrit readings are concerned only with a comparison of the deter- 
minations during the control period and those at the time of death. 
The results of these experiments are given in table 1. 

Fourteen experiments were performed in which one of the posterior 
extremities of animals anesthetized by pentobarbital sodium and exposed 
to cold surroundings was traumatized. Additional pentobarbital sodium 
was subsequently injected in five of the experiments. Two animals in 
which the temperatures were essentially' normal and in which the mean 
arterial pressures were greater than 100 mm. of mei'cury were killed 
eight and twenty-four hours, respectively, after the beginning of the 
experiments. The difference in the weights of the posterior extremities 
was 4.7 per cent of the body weight in one of the experiments and 
4.4 per cent in the other. The results of these experiments are not 
included in the average in the tables. The duration of the remaining 
twelve experiments varied from one hour and fifty minutes to fifty- 
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two hours. The average duration was eight hours and twenty-seven 

pvperiment in which the anunal lived or 
duration was four hours and twenty-nine 

minutes. In seven of the exp>,ni..v... ...... — — ^ ^ ^ • i 

of the respirator)' movements and an abrupt decline in t ic ai cria 
from a fairly high level to zero. It was in these expcriment.s 


fift)'-two hours, the average duration was lour Hours ana ivvcni)-ij_.. 
minutes. In seven of the experiments, death was preceded by a slowing 
of the respirator)' movements and an abrupt decline in t ic ai tcria 
pressure from a fairly high level to zero. It was in these expcriment.s 
that the difference in the weights of the traumatized and nontraumatized 
e.xtremities was least. The difference in the weights of the trauma- 
tized and nontraumatized extremities varied from 1 to 6.1 per cent of 
the body weight. The average difference equaled 3.31 per cent. 1 he 
temperature at the time of death in the different experiments varied 
from 20 to 30.2 C. (68 to 86.3 F.). The average rectal temperature 
at tire time of death was 25.52 C. (77.93 F.). Following the trauma- 
tization, there was an increase in the concentration of the red blood 
cells in the five experiments in which hematocrit determinations were 
performed. A dilution of the red blood cells occurred shortly before 
death in two of the experiments, and the hematocrit readings were 
approximately the same at the time of death in these two e.xperiments 
as they had been during the control period. That a marked increase in 
the concentration of the blood is not a necessary feature of the fatal 
results in these animals was shown in one experiment in which the 
hematocrit reading reached during the control period was 28.7 and 
the highest reading reached during the experiment vv'as 33.9. In another 
experiment the maximum alteration in the hematocrit readings was from 
33.8 to 38.8. The greatest alteration in the hematocrit readings that 
vv’as observ'ed was from 39.4 during the control period to 47.5 at the 
time of death. The figures in the tables that have to do with hematocrit 
readings refer only to a comparison of those obtained during the control 
period and at the time of death. The results of these experiments are 
given in table 1. 

Sodium Barbital as the Anesthetic: Experiments in which sodium 
barbital was used as the anesthetic instead of pentobarbital sodium were 
also performed, arvd the effects of exposure to cold, of cold and hem- 
orrhage and of cold and trauma were studied. The results were similar 
to those obtained when pentobarbital sodium was used as the anesthetic. 
They differed in that the period of surv'ival of the animals was some- 

tat shorter and in that the amount of hemorrhage tolerated was 
slightly less. 

Morphine as the Anesthetic (Supplemented by Ether in Cases of 

memr- ’’ m ^^Posure to cold were studied in four experi- 

_ ts m which morphine was used as the anesthetic. Death occurred 
W the beginning of one of the experintenri-te 

3 per minute. The ter- 
i^mal temperature was 16.8 C. (62.2 R). The duration of another of 
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the experiments was fifteen hours. The terminal temperature was not 
determined. Observations were discontinued in the remammg two 
experiments after twenty-three hours. The rectal temperatures at the 
end of this time were essentially normal. These experiments indicate 
that exposure to cold is tolerated better by animals narcotized by mor- 
phine than by those anesthetized by pentobarbital sodium or barbital. 

Five experiments were ^rer formed in which hemorrliagc and exposure 
to cold were studied in animals anesthetized by morphine. The average 
duration of the experiments was six hours and twenty-seven minutes^; 
the average rectal temperature at the time of death wgs 25./ C. (/S— 
F.), and the average amount of blood removed in terms of body weight 

Table Z.—Siudks on (1) Bleeding and (2) Trauim in Auimals Deprived of 
Food and Water for Forty-Eight Hours 


Bleeding 


Esperi- 

mcat 

Duration 

Amount 
Bled, 
per Cent 
of Body 
Weight 

1 

3 hrs. 5 min. 

4.00 

2 

i hrs. 22 min. 

5.00 

i 

4 hrs. 10 min. 

5.00 

i 

2 hrs. 10 min. 

S.OO 

5 

4 hrs. 45 min. 

S.G0 

6 

5 hrs. 

6.00 

7 

3 hrs. 55 min. 

4.50 

8 

4 hrs. 50 min. 

5.50 

9 

2 hrs. 

2.75 

Average 

3 hrs. 49 min. 

4.5S 


Trnumn 


Experi- 

ment 

Duration 

Dlflcrencc in the 
Weight of the 
Posterior 
Extremities, 
per Cent of 
Body Weight 

1 

5 hrs. 12 min. 

4.47 

2 

S hrs. 10 min. 

4.64 

s 

7 hrs. SOmlD. 

5.77 

4 

0 hrs. 4 znin. 

4.S0 

5 

C hrs. 

4.S7 

c 

5 hrs. 55 min. 

S.S2 

7 

3 hrs. 10 min. 

3.23 

8 

4 hrs. 20 min. 

4.43 

Average 

5 hrs. 51 min. 

4.45 


was 6.38 per cent. The concentration of the red blood cells increased 
during the early part of four of the five experiments, but a marked 
terminal dilution occurred in all instances. The decline in the blood 
pressure in all of the experiments was gradual. The results of these 
experiments are given in table 2, 

Five experiments were performed in which trauma and exposure 
to cold were studied in animals anesthetized by morphine alone except 
for the addition of an inhalation ether anesthetic during the time in 
which the trauma was being produced. The average duration of the 
experiments was seven hours and thirty-six minutes ; the average rectal 
temperature at the time of death was 19.7 C. (67.5 F.), and the aver- 
age difference in the weights of the traumatized and nontraumatized 
extremities as expressed in terms of body weight was 4.58 per cent. 

dilution of the red blood cells occurred in some experiments, and a 
concentration in others. The decline in the blood pressure in all of the 
experiments was gradual. The results of these experiments are to be 
found in table 2. 
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Deprivation of Food and JVater.—As has been stated, the animals 
weie deprived of food and water for forty-eight hours preceding the 
expel iments, and sodium barbital was used as the anesthetic. Nine 
experiments were performed in which at one hour intervals blood . 
equaling 1 per cent of the body weight was removed from the femoral 
artery. This was continued until death occurred. The average dura- 
tion of these experiments was three hours and forty-nine minutes. The 
average amount of blood removed in the nine experiments equaled 
4.58 per cent of the body weight. The results of the experiments are 
enumerated in table 3. 

In eight experiments, one of the posterior extremities was trauma- 
tized. The average length of time that the animals lived following the 
traumatization was five hours and fifty-one minutes. The average 
difference in the iveights of the traumatized and nontrammtized 
extremities was 4.45 per cent of the body weight. The results of these 
experiments are to be seen in table 3. 

COMMENT 

Influence of Exposure to Cold. — Concerning the relationship of the 
external temperature to shock. Cannon® stated; 

That the incidence and severity of shock are in some way related to the coldness 
of the surroundings of the wounded man seems well established. Members of 
shock teams working in the A.E.F. during the summer and fall of 1918 reported 
the strikingly larger number and the greater severity of the cases of shock in the 
cold, wet months of the fall, September and October, as contrasted with the cases 
seen during the fighting in the warm iveather of July and August. 

Observations such as these prompted Bajdiss and Cannon ^ to perform 
experiments on the effects of low temperatures. It was found that the 
blood pressure of an animal anesthetized by ethyl carbamate (urethane) 
could be greatly reduced by cold surroundings. They stated : 

This effect, however, was chiefly due to slowing of the heart beat, the pressure 
falling with the rate. When the animal was warmed, there might be complete 
recovery of the normal pressure. On the other hand, probably some additional 
effect is produced besides that on the heart, for, after slight hemorrhage, cooling 
resulted in a fall of pressure which was not restored when the animal was warmed. 

It has been shown ® that dogs and cats may recover after the body 
temperature has reached 19 C. (66.2 F.). An instance of complete 
recovery in a person whose temperature had fallen on exposure to 24 C. 
(75.2 F.) is recorded.® 

3. Cannon, W. B.; Traumatic Shock, New York, D. Appleton & Company, 

1923, p. 90. 

4. Cannon,^ p. 93. . , • >r 

5. Britton, S. W.: E.xtrcme Hypothermia in Various Animals and m Man, 

Canad. M. A. J. 22:257, 1930. 
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The present experiments rvere performed primarily in ordci to 
obtain a comparison of the effects of hemorrhage outside the body, as 
from die exposed femoral arter}% and of hemorrhage into the injured 
tissues of an extremity when the animals were exposed to a low tem- 
perature. The short period of survival of the animals which were 
simply given pentobarbital sodium and exposed to cold was sui prising. 
The average rectal temperature at the time of death was 25.85 C. 
(78.53 F.). This is approximately what one would anticipate in view of 
pretyous work. In this connection, Barbour stated : . . . chemical 

regulation must break down rapidly, for Storm van Leeuwen has shown 
that cooling tends to reduce the reflex irritability of the spinal cord. 
This reduction becomes ver}' marked at a body temperature of 26°, 
which may explain rvhy this temperature approximates the lorvest com- 
patible rvith life.” In two of the control experiments, the rectal tem- 
perature rvas more tlian 30 C. (86 F.) at the time of death, and it is 
not know'U why the subjects succumbed. The alterations in the blood 
pressure in these experiments were somewhat different from those 
found by Bayliss and Cannon.^ There was a slow, gradual decline in 
the pressure in their experiments. In the present experiments, the 
arterial pressure usually remained at essentially the normal level until 
shortly before death, when it rose slightly and then fell abruptly. This 
was associated with a slowing of the heart rate, but death seemed to be 
due to respirator}’- failure, as the respirations ceased before the heart 
stopped beating. It is rvell known tliat exposure to cold is associated 
with an increase in the concentration of the red blood cells. This finding 
was confirmed in the present experiments, in most of which the increase 
in the concentration was marked. The slo-wing of the circulatory flow 
that is associated with a large increase in concentration of the blood is 
probably partially responsible for the fatal outcome in these experi- 
ments. That it could not be wholly responsible is demonstrated in one 
experiment in -which the hematocrit readings were 40 during the control 
period and 43.6 at the time of death. The circulatory flo-w is also 
slo\Yed by an increase in the viscosity of the blood. Denning and 
tyatson • found that the viscosity is increased 3 per cent with a fall of 
1 degree C. (1.8 degree F.) and that the temperature factor is more 
effective the larger the number of corpuscles present. 

In the experiments in which blood w’as removed from the femoral 
arter}- of animals anesthetized by pentobarbital sodium, the average 
temperature at the time of death -n^as 3 degrees higher than that of the 

Ilcv.'^lf2T9^°S'9k^’ Heat-Regulatbg ^lechanism of the Body, Physiol. 

don.'s.B'78'-353^t9oY^‘''°”'’ Proc. Roy. Soc., Lon- 
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contiol studies, despite the fact that there was a diflference of only 
thirty minutes in the average duration of the two groups of experiments. 
The amount of blood removed was less than 5 per cent of the body 
weight or approximately one half of the total blood volume in only five 
of the nineteen experiments in which death was produced by bleeding. 
In three of these experiments, death was associated with an abrupt 
decline in the blood pressure from a high level to zero, just as was 
found in most of the control studies. When animals which are not 
exposed to cold are bled each hour an amount equaling 1 per cent of 
the body weight, death usually occurs after the fifth or sixth bleeding 
or after a little more than half of the estimated blood volume has been 
removed. Hence, it is to be noted in experiments of the duration 
reported here that exposure to cold does not usually lessen greatly the 
tolerance to hemorrhage. Had smaller amounts of blood been removed 
at hourly intervals, it is likely that the total hemorrhage withstood 
would have been less. This, however, did not seem to be a desirable 
or necessary experimental procedure, since the duration of life in the 
studies in which whole blood was removed was approximately the same 
as that in the experiments in which the animals were simply given 
pentobarbital sodium and exposed to cold. Hemorrhage and exposure 
to cold were associated with an increase in the concentration of the red 
blood cells which became less marked or was replaced by a dilution 
when the blood pressure fell to a low level. The increase in the con- 
centration was not nearly so marked as that observed in the control 
experiments. In brief, the control experiments on exposure to cold 
under pentobarbital sodium anesthesia and those in which blood was 
removed under similar conditions were of approximately the same 
duration ; a more marked increase in the concentration of the red blood 
cells was found usually in the control experiments, and the decline in 
the arterial blood pressure in the experiments on hemorrhage was 
usually gradual, while in the control studies there was an abrupt terminal 
decline in the pressure. 

There was a great variation in the results of the experiments in 
which trauma was produced under pentobarbital sodium anesthesia. 
One of the animals lived fifty-two hours; the difference in the weights 
of the traumatized and nontraumatized extremities equaled 6.1 per 
cent of the body weight, and the temperature at the time of death was 
17.8 C. (64 F.). As an example of the other extreme, one animal lived 
one hour and fifty minutes, the difference in the weights of the two 
posterior extremities was 2 per cent of the body weight, and the ter- 
minal temperature was 28.7 C. (83.7 F.). Two of the animals in which 
traumatization was produced were killed eight and twenty-four hours, 
respectively, following the beginning of the experiments. It is inter- 
esting that the arterial blood pressure had not declined much in these 



1065 


blalock-development of shock 

experiments, that the temperature was essentially normal, and that the 
difference in the weights of the extremities indicated a loss of almost 
half of the blood volume into the injured area. The survival period of 
the traumatized animals corresponded more closely to that found m the 
control experiments than to that encountered in the experiments in which 
whole blood was removed. That is to say, the shortest and the longest 
survival periods were found in the control experiments and in the experi- 
ments in which trauma was produced. The average rectal temperature 
at the time of death of the traumatized animals was slightly lower than 
that found in the control experiments and more than 3 degrees lower 
than that found in the studies on hemorrhage. In six of the experi- 
ments the difference in the weights of the traumatized and nontrauma- 
tized extremities amounted to at least 4 per cent of the body weight. 
These figures correspond closely to those that were found ^ when trau- 
matization was performed without exposure of the animal to cold. 
However, in the remaining experiments, the loss of fluid into the injured 
area was not by itself sufficient to cause death. The decline in blood 
pressure was gradual in the experiments in which the loss of fluid was 
great enough to account for death, whereas there was an abrupt terminal 
decline in the pressure in the experiments in rvhich the loss of fluid 
was smaller. The behavior of the blood pressure in the latter experi- 
ments was similar to that encountered in the control studies of pento- 
barbital sodium anesthesia. The amount of fluid that was lost into the 
injured area did not bear any constant relationship to the temperature 
at the time of death. That an increase in the concentration of the red 
blood cells was not the main factor in causing death in the experiments 
in which the local loss of fluid was small was shown in two experi- 
ments in which no marked concentration occurred. One is then faced 
with the question as to ivhat caused the death of the animals in which 
the part of the circulating blood volume that escaped into the injured 
area was not great. A comparison of the results of these experiments 
with those obtained in other experiments in which morphine was used 
as the anesthetic indicates that the pentobarbital sodium anesthesia in 
the presence of cold was the main cause. 

In the dosages that were used in the present experiments, the anes- 
thesia that is produced by sodium barbital is more profound and of 
longer duration than that produced by pentobarbital sodium. It is likely 
for this reason that the animals anesthetized by barbital and exposed 
to cold sur^dved for a shorter period of time and withstood hemorrhage 
less well than those in which pentobarbital sodium was used. 

That exposure to cold may cause the death of animals anesthetized 
by morphine was demonstrated by the fatal outcome in less than sixteen 
hours in two of the four experiments. However, in studies of the 
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with a slowing or cessation of the respiratory movements, the blood 
pressure rose and fell abruptly to zero. A rather marked increase in 
the concentration of the red blood cells was found. 

In experiments in which whole blood equaling 1 per cent of the 
body weight was removed at one hour intervals from the femoral 
arteries of animals anesthetized by pentobarbital sodium and exposed 
to cold, the average period of survival was five hours and sixteen 
minutes; the average temperature at the time of death, 2S.S7 C. (83.97 
F.), and the average, quantity of blood removed, 4.86 per cent of the 
body weight. The decline in blood pressure was usually gradual rather 
than abrupt. In three experiments the terminal decline in blood pres- 
sure was abrupt, and a relatively small amount of blood had been with- 
drawTi. Associated with the bleeding and the exposure to cold there 
was an increase in the concentration of the red blood cells. When the 
blood pressure reached a low level, a dilution usually occurred. 

The results of the experiments in which exposure to cold and trauma 
were studied were variable. The average temperature at the time of 
death was 25.52 C. (77.94 F.). In some of the experiments, the differ- 
ence in the weights of the traumatized and nontraumatized parts was 
sufficiently great to explain the cause of death on the basis of loss of 
local fluid alone. In these experiments there was a gradual decline in 
the blood pressure. In other experiments only a small part of the blood 
volume was lost into the injured extremity. The terminal decline in 
the blood pressure in these experiments was abrupt. The traumatiza- 
tion of the extremities was followed by an increase in the concentration 
of the red blood cells. 

The results of experiments in which shock rvas produced during 
exposure to cold in animals anesthetized by morphine were quite dif- 
ferent. Morphine alone was used as the anesthetic in the experiments 
on hemorrhage, while morphine supplemented by ether was used in 
those on trauma. The average loss of blood resulting in death in the 
experiments on hemorrhage was 6.38 per cent of the body rveight or 
more than half of the total blood volume. The average loss of fluid 
into the injured extremity in the experiments on trauma was 4.58 per 
cent of the body weight. The average terminal temperature in the 
experiments^ on hemorrhage was 25.7 C. (78.3 F.) and in those of 
trauma, 19.7 C. (67.5 F.). The decline in the blood pressure in these 
experiments was gradual rather than abrupt. 

It is to be noted from the experiments concerned with the influence 
of exposure to cold on the development of shock as a result of hemor- 
I age and of trauma that the results are dependent largely on the depth 
of anesthesia and the time of exposure. 
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Experiments were also performed in which the influence of the 
deprivation of food and water on shock produced by hemorrhage and 
by trauma was studied. Food and water were not allowed during 
the forty-eight hours preceding the beginning of the studies. The 
animals were anesthetized by barbital. It was observed that the loss 
of blood which resulted in the death of the animals was not much 
less than that found in experiments in which the animals were not 
deprived of food and water. The weight of the blood that was removed 
from the femoral artery in the experiments in ^yhich death was pro- 
duced by bleeding was approximately the same as the difference in 
the weights of the injured and uninjured extremities in the experi- 
ments in which death was caused by trauma. 
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ADELE E. SHEPLAR, M.D. 

MARTHA JANE SPENCE, M.A. 

AND 

WARD J. Mac NEAL, M.D. 

new YORK 

In our series ol tNventy-six patients treated with the special concen- 
trated antistreptococcus serum of the laboratory' of the New York State 
Department of Health there were five patients with generalized or 
metastatic infection without a clinically recognizable entry' portal. These 
patients were brought under obser\'ation in the hospital after invasion 
of the blood stream had taken place. It is uncertain whether the site 
of the initial invasion could or could not have been recognized at an 
earlier time by a competent observer. All five of these patients were 
children, aged 2 weeks, 27 months, 31 months, 43 months and 5 years, 
respectively. 

REPORT OF CASES 

Case 1 (chart 1) . — A. M., a boy, born on April 5, 1933, breast fed, had a high 
fever fourteen dar’s after birth accompanied by swelling of the left thigh. On 
admission to the hospital five days later, on April 24, there was a marked swelling 
of the anterior portion of the left thigh with a slight excoriation in the inguinal 
folds on both sides. The left hip joint was immobile, and there appeared to be 
flaccid paralysis of the left knee and ankle. The entire limb was discolored by 
purple mottling. Aspiration of the swollen thigh on April 25 yielded about 2 cc. 
of bloody fluid from which hemolytic streptococci were obtained on culture. The 
next day the thigh was incised, but only a thin fluid was discovered. Roent- 
genologic study did not reveal any changes in the bone. On May 1 a blood culture 
was taken, and on the same day yellowish-brown pus was evacuated from a 
fluctuating swelling on the left buttock. This pus contained streptococci, and the 
blood culture yielded one colony of the same microbe per cubic centimeter of blood. 

This work was made possible by a grant from the Josiah Macy Jr. Foundation. 

From the Department of Pathology and Bacteriology, New York Post- 

Graduate Medical School and Hospital, Columbia University. 

The patients whose records are utilized in this paper were treated in the clinical 

Physicians: Dr. R. H. Dennett, Dr. A. G. De Sanctis. 

Dr. \Y. \V, Lasher and Dr. kl. C. Pease. 
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Necropsy disclosed septic petechiae of the serous membranes, mucous mem- 
branes and skin, active vegetative mitral endocarditis, septic emboli in the 
dium and purulent infarcts of the spleen and kidneys. Examination of the head 
was not permitted. 

Case 3 (chart 3). — N. L., a boy, aged 31 months, has a longer record.^ He 
became ill on March 19, 1933, awakening during the night with severe pain in the 
right leg. Four days later the mother recognized swelling of the right foot and 
leg and a reddened area on the ankle. The temperature had ranged between 102 
and 104 F. On March 24 the child was admitted to the hospital. At this time the 
swelling and inflammation of the right leg were more pronounced. The right fore- 
arm and wrist were also swollen and painful. The pharynx was bright red, and 



Chart 3.— Abridged clinical record of M. L., a boy, aged 31 months. This 
child was operated on for osteomyelitis of the right arm and right leg on March 
2s. On the assumption that the infection was due to the staphylococcus, bacterio- 
phage was applied immediately after the operation. The streptococcus serum was 
gi\en on March 26 and March 27, the first dose subcutaneously and the second into 

nroLbk th infecting microbe was not ascertained, but it is 

of Lfmonth streptococcus had disappeared during the period 


bulgTng.''"' ^«3ected and slightly 

The abridged clinical record is shown in chart 3. On March 25 at fi • to 

riyTer^nVT Wrr^'a^nd 
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the wrist joint. In the leg there was erosion of periosteum at the lower end of 
the fibula, and the tibial periosteum was elevated with pus and small hemorrhages 
beneath it. An abscess containing about 120 cc. of pus extended about the right 
ankle, involving the tendon of the pronator longus muscle but not the joint cavity. 
Multiple openings were drilled in the lower end of the tibia, the periosteum was 
incised, and drainage of the soft tissues was established. Staphylococcus bacterio- 
phage was at once applied as a wet dressing on the assumed diagnosis of staphylo- 
coccic osteomyelitis. 

On the following day the microscopic and cultural examination of the specimens 
of exudate revealed the certain presence of hemolytic streptococci; staph)dococci 
could not be recognized then or later. The child was therefore given 0.2 cc. of 
the concentrated streptococcus serum subcutaneously, and five hours later the 
remainder of the ampule intramuscularly, making a total of 20,000 units on March 
26. On March 27 another intramuscular dose of 20,000 units was given. Trans- 
fusion on March 29 was followed by a chill and a rise in temparture to 106 F. 
There was a moderately severe serum rash on March 30, which faded by April 1. 
The clinical course was highly satisfactory until April 8, when, under ether anes- 
thesia, the wounds were revised and Orr dressing with plaster bandages were 
applied. Another disturbance on April 27 was evidently due to an infection of the 
upper respiratory tract complicated by bilateral purulent otitis media, with strepto- 
cocci present. When this subsided the patient was allowed to go home. 

The serum administered on March 26 and 27 seemed to have exercised a 
beneficial influence on the infectious lesions in the forearm and leg. However, it 
was obviously inadequate to prevent the development of the respiratory infection 
a month later. Whether the serum contributed something of value in control of 
the original streptococcic infection may be debated. At any rate, one could not 
expect a more favorable course of the disease than that shown by this patient after 
March 30. Those of us who had opportunity to observe the patient were willing to 
credit the serum with a favorable influence. 

Case 4 (chart 4). — D. S., a boy, aged 3 years and 7 months, had been ill with 
a cold at home since Jan. 4, 1932. On January 14 enlarged bilateral cervical 
nodes were observed, and the temperature reached 106 F. After this the child was 
kept in bed. On January 24 he had a chill, his temperature rose to 105.6 F., and 
he complained of pain in the right knee. He was admitted to the hospital at 4 : 30 
p. m. on this day. At this time both ear drums were congested, the pharynx was 
red, and the cervical Iymj)h nodes were firm and moderately enlarged. The child 
favored the right knee, but on physical examination it was found to be normal. 

A blood culture taken at 8 p. m., January 24, revealed hemolytic streptococci 
after thirty-six hours. On January 25, because of some rigidity of the neck, 
limitation of movement of the right leg and the recognition of some problematic 
red spots on the skin, a spinal tap was done. This yielded a normal spinal fluid. 
Roentgenologic study disclosed capsular distention of the right hip joint on 
January 25 and of the right knee joint on January 27. Blood culture taken on 

January 26 was again positive. Transfusions were given on January 28 and 30. 

The spinal fluid was found to be infected with streptococci on January 28 and 
again on February 1. On this day the condition appeared desperate. The patient 
was unconscious, and there was slight general cyanosis. The concentrated anti- 
streptococcus serum was administered, one ampule of 20,000 units into the spinal 
canal and a similar dose intravenously. Larger doses were administered on 

February 2 and 3. There was no evident response. The patient died early in the 

morning of February 4. Necropsy disclosed bilateral otitis media and mastoiditis, 
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bilateral paralant Itootebosis ot the lateml 

bilateral cervical adenitis, bronchopneumonia and general sepsis. ^ 

Casa 5 (chart 5).-C. M, a girl, aged 5 jears, had “ 
respiratory tract with cough and a rise m temperature to 102 F. m Ma3_ UJu. 
about thi? time she complained of pain in the left arm. Roentgenologic study a 
tot time gave negative results. About a week later an abscess on the outer aspect 
of the left arm was incised, and a second roentgenologic examination m the follow- 
ing week disclosed changes in the upper portion of the humerus. On June 2- an 
operation was performed for osteomyelitis with pathologic fracture of the neck of 
the left humerus. On August 8 a roentgenogram revealed osteomyelitis of the 
entire shaft of the humerus, with apparent sequestration of the upper half. At this 
time the child was brought to New York. 
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Chart 4. — Abridged clinical record of D. S., a boy, aged 3 years and 7 months. 
This child had an infection of the blood stream on admission to the hospital on 
January 24, and on January 28 the spinal fluid was found infected. Serum was 
given on Februarj- 1 and the following days. The child died early in the morning 
of February 4. 



Chart 5.— Abridged clinical record of C. M., a girl, aged 5, This girl had 
osteomyelitis of the left humerus with sequestration. Serum was given intra- 
venously for two days preceding the removal of the necrotic bone. The post- 
operative course was highly satisfactory, and the wound has gone on to complete 
healing without further incision. There was a moderate serum reaction in this case 
evident on September 9. 


She was admitted to the Post-Graduate Hospital on August 17, at which time 
the upper half of the left arm was swollen, red and painful, wdth marked limita- 
tion of motion. There was a granulating incision on the outer aspect of the upper 
part of ^e left arm and also a draining left axillary^ sinus. Roentgenologic study 
at this time showed extensive old osteomi'elitis involving almost the entire shaft of 
the humerus. The upper end of the old shaft was already separated as a seques- 
trum, wth debris surrounding it. The middle and lower thirds of the old shaft 
appeared m the process of sequestration but not yet separated. A culture taken on 
August IS from the draining sinus yielded pure grmvth of hemolnic streptococci, 
n August _1, a transfusion of 315 cc. wus given, and the arm was immobilized 
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by a plaster dressing. It was deemed unwise to attempt sequestrectomy at this 
time because of the streptococcic infection, although the general condition of the 
patient was good. 

A brief portion of the abridged clinical record is shown in chart S. At the 
request of the surgical consultant, a preliminary treatment with streptococcus 
serum was undertaken in preparation for the operation. On August 30, a minute 
intracutaneous injection of the serum gave no evidence of hypersensitiveness. This 
was followed by a subcutaneous injection of 0.5 cc. of the serum and then after an 
hour by the intravenous injection of the remainder of the ampule making a total 
of 20,000 units for this day. On August 31 another ampule of 20,000 units was 
given intravenously. The sequestrectom 5 ' was performed on the following day with 
only slight disturbance to the patient. Her appetite was good on September 2, and 
on September 6, five days after the operation, she was up and about the ward. An 
itching erythema appeared on September 7 or 8 on the right arm and neck, and by 
September 9 this had extended to the face and to the abdominal skin, apparently 
a mild serum eruption. 

Cultures from the exudate about the sequestrum, taken on September 1, 
yielded Staph}dococcus aureus as well as streptococci. Subsequently other bacteria 
appeared in the drainage from the wound and sinus. On this account bacterio- 
phages were applied as a wet dressing. The patient still remains under observa- 
tion in good general condition with sinuses entirely healed. The point of chief 
interest for the present report has to do with the prophylactic use of the serum in 
preparation for surgical operation on a field infected with hemolytic streptococci. 

COMMENT 

Physicians who do not employ antistreptococcus serum will see in 
the record of these five patients little to encourage them in its use. On 
the other hand, it appears that a fair test of the value of the serum has 
not been afforded here. 

In the first patient, A. M., the fever appeared on April 19, when 
the baby was 2 weeks old, and the first dose of serum was administered 
on May 3 after a blood culture taken on May 1 was recognized as 
positive. This was on the day before death, at a time when meningitis 
must have already been present, according to necropsy. 

The second patient, J. D. B., became ill with fever on February 25, 
and the first administration of the serum occurred on March 7, when 
the blood culture taken two days before had shown positive growth. 
Necropsy on March 9 revealed an acute vegetative mitral endocarditis 
with associated septic complications. 

The fourth patient, D. S., was ill from January 4, with a temperature 
of 106 F. on January 14. The serum treatment was initiated on Febru- 
ary 1, eight da 3 's after the positive blood culture was taken on January 
24 and four days after the recognition of meningitis on January 28. 

The third patient, N. L., had been ill only since March 19. After 
the operation for osteom 3 "elitis on March 25 the surgeon asked for the 
assistance of bacteriotherapy because of the impression that the disease 
was due to the staph34ococcus. When the bacteriologic studies disclosed 
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the true etiolog)^ the streptococcus serum was administered on ^ilarch 
26 and 27. There was a moderately severe serum rash four days later, 
but in other respects tlie behavior of the patient left little to be desired 
for nearly a month. One cannot be sure of the part played by the serum, 
but the record is at least suggestive. Apparentl)- the protective eftcct 
of the serum had disappeared by April 27, or else the extension of infec- 
tion into tlie ears was due to some unrelated organism. We are inclined, 
however, to believe that the continued frequent administration of small 
doses of the serum would have been a good thing in this case. 

The fifth patient had already suppressed the original invasion of the 
blood stream. In her case the serum was employed as a safeguard 
j^ainst lighting up a streptococcic infection still persisting in the ann. 
The actual result was all that had been desired, ^^^^ether the patient 
would have done as well without the serum remains undetermined. 

In our experience specific bacteriotherapeutic measures arc most 
often instituted after too much delay. The first, second and fourth of 
these four patients represent examples. In the case of the third patient 
the earlier administration of the serum came about through a misappre- 
hension. The bacteriologists w'ere called in consultation in the hope of 
treating a staphylococcic infection with bacteriophage and once this con- 
tact with the patient had been made, the early administration of strepto- 
coccus serum became possible. 

COXCLtJSIOXS 

1. In vegetative endocarditis due to the hemolj-tic streptococcus and 
in meningitis coupled with bacteremia due to the same organism, the 
therapeutic use of antistreptococcus serum, in our hands, has not been 
successful. 

2. The administration of the concentrated antistreptococcus serum 
of the New York State Department of Health in one case of strepto- 
coccic osteomyelitis was followed by a favorable course of the disease. 

3. In a second patient with osteomi-elitis the injection of the serum 

for two days preceding a sequestrectomy was followed bv an umisuallv 
fortunate surgical result. ' 
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congenital deformities and disturbances of growth 

Comparative Shidy of Congenital Coxa Vara and Coxa Plana . — 
Carnitz ^ made histologic examinations of three specimens from the 
femoral head in congenital coxa vara and compared these with the 
pathologic changes recorded in coxa plana. He concluded that, histo- 
logically, infantile coxa vara and coxa plana cannot be differentiated. 
They appear to be variations of the same developmental disturbance 
during growth. 

Anatomic Basis and Origin of the Cross-Striations in the Metaphyses 
of Growing Bones. — Hamperl ^ studied the broad bands of cross-stria- 
tion in growing bones resulting after intoxication from phosphorus, 
arsenic or lead and from syphilis and deficiency of vitamin D. He 
excluded from study the thin transverse lines which he observed in 
roentgenograms with each year of growth. A histologic examination 
of these broad metaphyseal bands Avas made in two cases. The bands 
consisted of a thick network of bony lamellae enclosing the remains of 
calcified cartilage. These bands apparently had formed at the epiphyseal 
line and on growth had moved out into the metaphysis. They resulted 
from a disturbance in enchondral ossification. No osteoclasts were 
seen in these areas. In mild cases the bands represented delayed absorp- 

This report of progress is based on a review of 213 articles selected from 467 
titles appearing in medical publications approximately between April 1 and July 
30, 1934. Only those which seemed to represent progress were chosen for review. 

1. Carnita, H. : Acta chir. Scandinav. 73;S21, 1934. 

2. Hamoerl, H. : Ztschr. f. Kinderh. 56:324, 1934. 
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ir 4-1 rartilape ground substance. The approximate dura- 

S:ro tt by the distance of the band 
“so iS^sis, since in early life long bones such as the ttbta grow 
about 3 mm. a month in summer and 2 mm. a month in \\in . ^ 

TEd. Note.— These observations are interesting. In the experience 
of the editors, growth at the epiphyseal line is not as constant as this 

article suggests.] 


DISTURBANCES IN OSSEOUS METABOLISM 

Vitamin D ilfiVfe.— Wyman * stated that milk containing 432 U. S. P. 
revised units of vitamin D per quart (946 cc.) automatically prevents 
the occurrence of rickets. The milk should be given in the summer as 
well as in the winter in climates similar to that of New England. While 
382 units ampl}^ supply the need for vitamins, milk of lesser potency 
may be adequate. 

Kramer and Gittleman ■* reported that as little as 108 U. S. P. revised 
units of vitamin D per day produced a definite curative action in patients 
with rickets. Witli the amounts fed there was no difference in effective- 
ness between vitamin D milk prepared by direct irradiation and similar 
milk produced by feeding cows irradiated yeast. 

Wilson ® made a clinical study of the efficacy of milk fortified with 
405 U. S. P. revised units of vitamin D per quart in the form of cod 
liver oil concentrate in preventing rickets. Thirty-three artificially fed 
infants (two thirds of them were Negro or Italian) were selected for 
study. Most of these were under 8 weeks of age in this period. Of 
the thirty-three, fourteen remained normal, slight rickets developed in 
seventeen and a moderate degree of rickets appeared in two. The con- 
clusions were that since the amount of vitamin D necessary to prevent 
rickets is dependent on the rate of grovrth and since the rate of growth 
does not conform to the daily consumption of milk, fortified milk should 
contain enough wtamin D to afford protection rvhen considerably less 
than a quart is consumed per Four hundred and five units per 
quart did not prove sufficient. How many units are necessat}' must be 
shown by future studies. 

[Ed. Note. In the past few years many different ways of supply- 
ing \itamin D to infants have been proposed. Since they are all simpler 
than the administration of cod liver oil, there has been a tendency to 
adopt them too^ quickly. As the preceding articles show, the status of 
milk as a su bstitute for cod liver oil is not yet definitely known.] 


3. Wyman, E. T.; Nerv England J. iled. 209:889, 1933 

t Gittleman, I R: New England J. Med. 209:906, 1933. 

n-n e) I ; by Milk Fortified with Vitamin D 

(laO Stcenbock Units of Vitamin D per Quart), J. A. M. A. 102:1824 (June 2^ 
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Hunger Osteopathy; Juvenile and Late Rickets.—Fvom a clinical 
investigation, Crawford and Cuthbertson « concluded that the essential 
difference between the metabolism in a case of hunger osteopathy and 
one of rachitic condition was that the mineral salts were stored rapidly 
without the administration of irradiated ergosterol in the first case, 
whereas in the second irradiated ergosterol had to be added before an 
appreciable retention was secured. They considered that although hunger 
osteopathy and late rickets (osteomalacia) are not necessarily identical 
in their nutritional origin, both occur with a deficiency of vitamin D. 

Calcium and Phosphorus Metabolism in Diseases of the Thyj-o para- 
thyroid Apparatus. — From a careful investigation of cases of hyperthy- 
roidism, Hansman and Wilson ^ concluded that a direct catabolic effect 
of thyroxine on the calcium deposits in bone, ‘such as has been claimed 
to exist, cannot be the cause of the excessive mobilization and excretion 
of calcium and phosphorus. In a second paper, Hansman ® concluded 
that the beneficial effect of the administration of vitamin D in cases of 
hypoparathyroidism is not due to better absorption of calcium or of 
organic phosphorus or of the product of calcium times phosphorus. He 
suggested that vitamin D acts by making the calcium available for tissue 
metabolism. 

Relation of Thyroid, Suprarenal Glands and Islands of Langerhans 
to Malacic Diseases of Bone. — Golden and Abbott ® stated that the evi- 
dence at hand indicated that skeletal decalcification of a degree sufficient 
to be of differential diagnostic importance on the roentgenogram and 
attributable to endocrine disturbances may be encountered in hyper- 
thyroidism, but not in hypothyroidism, disease of the suprarenal glands 
or diabetes in adults. In diabetes in children decalcification of the bone 
was occasionally found, for which acidosis or malnutrition or both were 
probably responsible. 

TUBERCULOSIS 

/ 

Treatment of Surgical Tubeixulosis zvith Splenic Extract. — After 
following under carefully controlled conditions twenty patients with 
surgical tuberculosis, ten of whom received splenic extract, Barr con- 
cluded that there was insufficient evidence of a therapeutic effect of 
splenic extract on the course of surgical tuberculosis. 

Tuhercidosis of Shafts of Long Bones. — ^Van Gorder reported six 
cases of tuberculosis of shafts of long bones in Chinese. The age ranged 
from 9 to 21 years. The clinical, pathologic and roentgenologic features 

6. Cra’ivford, A. M., and Cuthbertson, D. R: Quart. J. Med. 3:87, 1934. 

7. Hansman, F. S., and Wilson, F. H.: M. J. Australia 1:37, 1934. 

8. Hansman, F. S.: M. J. Australia 1:S1, 1934. 

9. Golden, R., and Abbott, H.: Am. J. Roentgenol. 30:641, 1933. 

10. Barr, J. S.: J. Bone & Joint Surg. 16:173, 1934. 

11. Van Gorder, G. W.: J. Bone & Joint Surg. 16:269, 1934. 
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o{ the disease tvere discussed. The bones involved tverc: ulna (tour 
cases) - tibia (one case), and radius (one case). Fue patients sc 
cured by subperiosteal resection of the diseased bone. The sixth patient 
did not report for the study of the end-results but was presumably well. 


POLIOMYELITIS 

Poliowyelitis in California.—Apropos of the epidemic of anterior 
poliomyelitis in Los Angeles in June 1934, an editorial in The Jou) ml 
of the American Medical Association answered tsvo^ questions, uiii- 
versally asked ^Yhen the incidence of infantile paralysis is higher than 
normal: 1. Is it dangerous to travel through a district having a high 
incidence? There is a definite danger, particularly for children under 
6 years of age. It is impossible to protect a child against contact, since 
the disease ^an presumably be distributed through carriers. This danger 
holds until the advent of really cool weather. 2. Should mass immuni- 
zation of apparently well children be carried out? Neither whole blood 
nor convalescent serum has been used sufficiently in controlled experi- 
ments to provide data on this subject. If such experiments are made, 
accurate records should be kept so as to determine future practice. 

Creatine-Creatinine Exchange in Poliomyelitis and Its Influence by 
Glycine . — Gross determined the creatine-creatinine excretion in seven 

cases of poliomyelitis during the period of regeneration before and after 
the administration of glycine. The spontaneous high e.xcretion of cre- 
atine bore a certain relationship to the severity of the disease. .A.fter 
the administration of from 15 to 20 Gm. of glycine a day, a definite 
increase in the excretion of creatinine in the urine was observed, while 
the amount of preformed creatine did not measurably change. The 
increase varied with the patient and with the amount of glycine admin- 
istered. The appearance of extra creatininuria after the administration 
of glycine was not specific for muscular dystrophy. Gross suggested 
that daily doses might favorably influence the period of regeneration in 
poliomyelitis. 

{Ed. Note. ^\'arious reports on the use of glj^cine to improve the ■ 
muscular metabolism have appeared in the literature, a few of which 
have been reviewed in earlier reports of progress. The question of its 
therapeutic value in such conditions is still sub judice.) 


CHKOXIC ARTHRITIS 

Autogenous Tacctucs in Rheumatoid Arthritis . — Short and his 
cn-workers » studied the action of autogenous vaccines in patients with 
uiromc anh rms and m normal controls. They concluded that in arthritis 

L. PoUomycluis m California, editorial, J. A. M. A. 102:2106 (June ^31 I934 
-v Gmsr. Ztschr. t. Win. Med. 126:152. 1934. ' ^ 

■ Vrt. C. I.; D.encs, L., and Bower, W.: Am. J. M. Sc. 187:615, 1934. 
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there is no allergy to streptococci, as shown by skin reactions, compara- 
ble to that in certain other chronic infectious diseases. Skin tests did 
not permit a satisfactory selection of specific bacteria for vaccine ther- 
apy. Variations in the skin reactions were thought to be due to a 
difference in dermal irritability, to natural toxicity of certain bacterial 
species or to sensitization to certain bacterial groups. The authors 
expressed the belief that the therapeutic effect of autogenous vaccines 
was nonspecific. 

Histologic Changes in the Knee Joint with Advancing Age; Relation 
to Degenerative Arthritis. — Parker and his colleagues studied one 
hundred knee joints of elderly persons and found that the synovial 
membrane, the articular cartilage and the subchondral bone undergo 
certain changes with age comparable to degenerative or hypertrophic 
arthritis. In some cases hyaline cartilage showed the power to regen- 
erate. The synovial membrane was normal except in those cases in 
which there was damage to the articular cartilage. Other changes in 
the cartilage and bone were described. The bony exostoses in traumatic 
joints were found to be due either to a projection of bone and cartilage 
over the surface of the joints or to a depression in the cartilage, thus 
giving the appearance of a bony outgrowth. 

THE SPINE 

Sciatica and the Sacro-Iliac Joint. — After performing anatomic 
studies on the relationship of the piriformis muscle, the sacro-iliac joint 
and the sciatic nerve, Freiberg and Vinke found that prolonged spasm 
of the piriformis muscle may produce circulatory disturbances in the 
sciatic nerve. These disturbances in time produce adhesions between 
the sciatic nerve and the piriformis muscle, especially as in many 
instances the sciatic nerve passes through the belly of the piriformis 
muscle. On this basis, the relief from sciatic pain following manipu- 
lative measures may be explained on the basis of the release of adhesion 
between the piriformis muscle and the sciatic nerve and the stretching 
of a contractured piriformis muscle. The authors did not attempt to 
explain all sciatic pain on this basis. 

Relaxation of the Pelvic Joints in Pregnancy. — According to 
Abramson and his co-workers,^^ relaxation of the pelvic joints is a 
normal physiologic process beginning in the first half of pregnancy and 
affected little b}^ parturition. In their patients the return to normal was 

15. Parker, F., Jr.; Keefer, C. S.; Mj-ers, W. K., and Irwin, R. L. : Histo- 
logic Changes in Knee Joint with Advancing Age : Relation to Degenerative 
Arthritis, Arch. Path. 17:516 (April) 1934. 

16. Freiberg, A. H., and Vinke, T, H.: J. Bone & Joint Surg. 16:126, 1934. 

17. Abramson, D. ; Roberts, S. M., and Wilson, P. D. : Surg., Gynec. & Obst. 
58:595, 1934. 
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usually complete in from three to five months post partum. 

Ll relaxation ^vas found in 25 per cent of the patients examined. The 
authors advised treatment with a pelvic slmg during recumbcnc) and 
^^•ith a sacro-iliac belt during the ambulatory stage. They stressed the 
importance of treatment to prevent late symptoms of strain ot the pelvic 


joints. 

Oblique Viezu for the Dcmouslroiiou of Hie Artkuhr Paccis ui 
Cases of Lumbosacral Backache and Sciatic Pain. Ghormley and 
Kirklin described in detail their technic for taking oblique views of 
the lumbosacral region. They stated that these views ga\e them an 
opportunity' to study in detail the articular facets of the weak back in 
the lower part of the lumbar region. They emphasized the importance 
of the facets in the production of pain in the lower part of the back and 
sciatic pain. The transverse axis of the pelvis is tilted at an angle of 
32 degrees to the film, and an anteroposterior roentgenogram is taken. 
The tube is centered perpendicularly to the film, directly above the mid- 
point of Poupart’s ligament on the elevated side. 

The Lumbosacral Junction. — MitchelP® discussed the lumbosacral 
junction, its anatomy and physiology and certain defects in this region 
accounting for disability of the lower part of the back. He described 
a method of accurately measuring the lumbosacral angle. The article 
furnishes an excellent review of the subject and is well worth preserva- 
tion as a reference to the anatomy and function of the lumbosacral 
junction. 

Lateral Tilt of the Pekns bi Children. — That lateral tilt of the pelvis 
is sometimes due to a primary malrotation of the fifth lumbar vertebra 
on the sacrum was stated by' Cyriax.®® The condition is more common 
in females and is caused by' a sudden twist of the trunk, as while play'ing 
games, or by actual trauma. The rotary' movement of the spine is 
checked by' the inertia of the pelvis at the lumbosacral joint. If the 
joint is not strong enough or is caught unawares, a rotary' displacement 
of the fifth lumbar vertebra on the sacrum ensues. Immediate replace- 
inent may occur or the displacement may persist. In the latter case one 
side of the pelvis is tilted downward and forward and can be straight- 
ened only by the development of lumbar scoliosis. Treatment is bv 
derotation without anesthesia. After-treatment consists of exercises if a. 
weakness of the muscles or an actual scoliosis exists. 


CIRCULATORY DISTURBAXCES OF THE EXTREMITIES 
Effect of Alternate Suction and Pressure on Blood Flow to the 
-oterr E.vt rcnuhcs.~ln carefully carried out experiments Landis and 


r r- V ^ 1934. 

-0. Cjnax, E.: Bnt. J. Child. Dis. S0;274. 1933. 
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Gibbon-* found that alternating pressure and suction applied to an 
extremity definitely increase the peripheral blood flow to the extremity 
in spite of advanced organic disturbance. 

V asodilatation of the Extremities. — In considering peripheral vascu- 
lar disease it is becoming increasingly important to differentiate clearly 
between organic occlusion of the vessels and vascular spasm, according 
to an editorial in The Journal of the American Medical Association.-- 
The several tests used to determine peripheral vasodilatation are simi- 
lar in principle, all employing thermo-electric measurements of the 
surface temperature. The procedures used have not been simple and 
all have had their contraindications. In 1933, however, an exceedingly 
simple method of producing vasodilatation was itjvestigated by 
Gibbon and Landis.''* They observed that immersing the forearms and 
hands in warm water produces vasodilatation in the lower extremities. 
Immersion for a half-hour is sometimes necessary, but even so the 
method is much simpler than the injection of foreign protein or the 
induction of spinal or general anesthesia. In every instance in which 
it was applied to a normal subject the surface temperature exceeded 
88.7 F., which is the minimum response to anesthesia. This method 
was checked with the older, more complicated procedures, and similar 
results were obtained in normal persons and persons with a pathologic 
condition. Another promising procedure is the study of the peripheral 
pulse volume. Such a study can be made with the plethysmometer 
described by Scupham and Johnson.^^ The movement records the pulse 
volume wave graphically, so that it can be kept as a permanent record. 

21. Landis, E. M., and Gibbon, J. H., Jr.: J. Clin. Investigation 12:925, 1933. 

22. Vasodilatation of the Extremities, editorial, J. A. M. A. 102:932 (March 
24) 1934. 

23. Gibbon, J. H., Jr., and Landis, E. M.: J. Clin. Investigation 11:1019, 1932. 

24. Scupham, G. W., and Johnson, C. A.: Peripheral Vascular Phenomena: 
Peripheral Pulse Volume in Occlusive Arterial Diseases, Arch. Int. Med. 52:877 
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Abdomen, acute infla^atoi-y “e*!; 

tions and appendicitis m scarlet feve . 

^u“^gas1acmuf"infec«on”compUcat 

tumoreTrSroperitoneal perirenal lymphansi- 

vi”c?ro’sptaal syndrome; confusing factor in 

.bnoSL'^'^^dtefomltles: See also nnder 
names of organs and regions 
congenital deforipities and disturbances of 
gronrtli, 1076 
Abscess, perinephric, 6S8 
perirenal, 167 

Acanthoma of anus; report of 3 . 

Adhesions, pepsin in prevention of abdominal 
adhesions, 264 , . ^ 

Amputation, changes in bones of extremities 
amputated because of arteriovascular dis- 
ease, 566 ^ . X. » 

through lower third of leg .for diabetic and 
arteriosclerotic gangrene, 520 , , . 

Anderson, U. S. ; Quantitative study of rate of 
healing in hone; description of method. -J 
-tnesthesia, avertin in preanesthetic medication, 
survey of 1,831 surgical anesthesias, 810 
avertin (tribromethanol) anesthesia in normal 
persons, 1 
caudal, 330 

in urologic surgery, 891 

pentobarbital sodium as preanesthetic agent, 
clinical use of, 52T 

Anus, acanthoma of, report of 3 cases, 7" 
Appendicitis and acute inflammatory abdominal 
conditions in scarlet fever, reports of 9 
cases and review of literature, 612 
Applehaum, M. : Bacteriophages in chronic 
colitis of undetermined causation and in 
intestinal fistulas, 748 

Bacteriophages in colon bacillus septicemia, 
741 

Therapeutic use of bacteriophages against 
colon bacillus, 242 

Use of bacteriophages in colon bacillus infec- 
tious of urinary tract, 633 
Arey, L. : Quantitative study of rate of healing 
in hone; normal rate of healing, 465 
Amheim, E. E.: Avertin (tribromethanol) anes- 
thesia In normal persons, 1 
-Irteries, cerebral blood flow: cerebral effects of 
occlusion of common or internal carotid 
arteries; effect of occlusion of common 
carotid arteries on volume-flow of blood 
through dog’s brain, 1024 
passive vascular exercises ; treatment of 
peripheral obliterative arterial diseases by 
rhythmic alternation of environmental pres- 
sure, 697 

Arthritis, chronic, 1079 

histologic changes in knee with advancing 
age; relation to degenerative arthritis, 1080 
peripheral arterial thrombosis secondary to 
gonorrheal arthritis and intramuscular in- 
jection of milk, 49 

rheumatoid, autogenous vaccines in, 1079 
sacro-iliac, 513 

treatment of myositis, arthritis and distur- 
bances of peripheral circulation with his- 
tamine by cataphoresls, 138 
-IrUiropncumoroentgcnography, 517 
Atlas and A^ls ; allanto-epistropheal snhlusa- 
iiotis, 29* 

."'^■scerosplnal syndrome; confus- 
ing factor In surgical diagnosis, 661 
Avertin: See fn-Brom-Elhanol 

Bacilli; See Bacteria 

articular facets in lumbosacral backache 
and sciatic pain, 1081 •'v.aacne 

capsulatus; gas hacillu« 
coil-^ hlrtertnJIu' laparotomy, 546 

"ha•dn,^r'tt^?a^74l‘"“"”^'’' 


Bacteria — Continued , ,, 

coll : therapeutic use of hactcrlopliagcs ngalii’-t 

colon bacillus. 242 . „r 

coll; use of bacteriophages In treatment nt 
colon bacillus Infections of nrinao’ tf!"''- 
633 

Gas: See Bacteria, acrogcncs capsulatus ; 
Gangrene, gas 

Bactcrlopliages in chronic colitis of 

mined causation and In Intestinal fistula. . 

74S 

in colon bacillus Infections of urinary tract. 

633 , . 

in colon b.iclllus septicemia, ill ^ 

therapeutic use against colon bacillus. .1. 
Barbital and Barbital Derivatives ; clinical n.'C 
of pentobarbital sodium as prcane.stlictlc 
agent. 527 

Barlow, 0. W.: Avertin In preanesthctlc medi- 
cation, survey of 1,831 surgical ancsthesla.s, 
810 

Clinical use of pentobarbital sodium as pre- 
anesthetlc agent, 527 

Barnard, L. : Drlmary llposarcoma of bone. .160 
Barr, 3. S.; Fifty -fifth r_cport of progress in 
orthopedic surgery, 1076 
Fifty-fourth report of progress in nrtliopedlc 
surgery, 511 
Bile peritonitis, 227 

Blsgard, J. D. : Thoracogenic scoliosis ; Influcnco 
of thoracic disease and thoracic operations 
on spine, 417 
Bladder, calculi, 872 
carcinoma, 325 
cystostomy, 327 
disease of' vesical neck, 323 
distention, effects on motor mechanism _of 
upper urinary tract, e.vpcrlmcntal study. 723 
diverticulum, 327 
gangrene, 874 
hemorrhage, 873 

Influence of bladder transplants on healing of 
defects of hone, 64 
injury, 328 
nerve control. 329 

radiation ; Injury following irradiation, 329 
radiation; new instrument for Intravesical 
irradiation, 85 
tumors, 324, 868 
tumors among dye workers, 866 
Blalock, A.; Influence of exposure to cold and 
of deprivation of food and water on de- 
velopment of shock. 1055 
Shock ; further studies with reference to 
effects of hemorrhage, 837 
Blood circulation; cerebral blood flow: cerebral 
effects of occlusion of common or internal 
carotid arteries; effect of occlusion of com- 
mon carotid arteries on volume-flow of blood 
through dog’s brain, 1024 
circulation; effect of alternate suction and 
pressure on blood flow to lower extremities, 
1081 

circulation ; influence of venous stasis on 
heterotopic formation of hone, 54 
circulation; treatment of myositis, arthritis 
and disturbances of peripheral circulation 
with histamine by cataphoresis, 138 
circulatory disturbances of extremity, 515 
coaplation; progressive obstructive jaundice; 

changes in certain elements of blood and 
• their relation to coagulation, 277 
vessels ; o^ct of epinephrine on svmpathec- 
tomlzed human extremity, additio'nal cause 
01 failure of operations for Raynaud's dis- 
ease, io9 

vessels; passive vascular exercises; treatment 
obliterative arterial diseases 
pres^re!‘'697 of environmental 

vessels, traumatic vasospasm ; study of 4 cases 
of vasospasm in upper extremity 92 

°"6ln of cross stria- 
tions In metaphyses of growing bones, 1076 
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l?on<!K — Continued 

atrophy, local; effects of vitamin D and of 
calcium on local atrophy and union, 312 
changes In hones of extremities amputated 
because of arterlovascular disease, 560 
diseases ; hunger osteopathy ; juvenile and late 
rickets, 1078 

disturbances in osseous metabolism, 1077 
healing ; Influence of bladder transplants on 
healing of defects of bone, 64 
healing of fractures and bone defects after 
venous stasis, 523 

healing; quantitative study of rate of healing 
in bone; description of method, 23 
healing; quantitative study of rate of healing 
In bone; normal rate of healing, 405 
influence of diet rlcli in casein on strength of 
bone and healing of fractures, 780 
influence of venous stasis on hcterotopic for- 
mation of bone. 54 
liposaicoma, primary, 500 
marrow, experimental investigations as to 
immunobiology of, 524 

structural transformation zones in hones, 
clinical significance, 523 
tuberculosis of shafts of long bones, 1078 
Brain, atrophy ; perlcardiectomy for advanced 
Pick’s disease, 126 

blood supply; cerebral effects of occlusion of 
common or Intenial carotid arteries ; effect 
of occlusion of common carotid arteries on 
volume-flow of blood through dog's brain, 
1024 

Brandman, H. : Appendicitis and acute inflam- 
matory abdominal conditions in scarlet 
fever, reports of 9 cases and review of 
literature, 012 

Breast, inflammation ; breast lesion in rabbits 
resembling chronic cystic mastitis, 555 
fri-Brom-Ethanol, avertln (tribromethanol) anes- 
thesia in normal persons, 1 
preanesthetic medication, survey of 1,831 sur- 
gical anesthesias, 810 

Buttocks, subcutaneous bilateral sarcoid of 
gluteal region; report of case, 59 


Gopher, G. H. ; Influence of Idadder transplants 
on healing of defects of bone, 04 
Coutfs,^M. B. ; Atlanto-epltropheal subluxations, 

Coxa Plana: See under Osteochondritis defor- 
mans juvenilis 
Coxa Vara ; See Hip Joint 
Cranium, symmetrical traumatic fractures of 
cranium; symmetrical fragmentation; com- 
ments on their mechanism, 171 
Graver, L. F. : Neurofibromatosis with ocular 
changes and involvement of thoracic spine; 
report of case, 108 

Creevy, C. D. : Vesical distention, effects on 
motor mechanism of upper urinary tract; 
experimental study, 723 

Crowe, S. J. ; Thrombosis of sigmoid or lateral 
sinus ; report of 30 cases, 705 
Cutting, il. A. : Absorption of dextrose and 
water by small Intestine and colon, experi- 
mental studj’, 643 
Cystostoray: See under Bladder 
Cysts: See under names of organs and regions 


Dandy, W. E. : Removal of cerebellopontile 
(acoustic) tumors through unilateral ap- 
proach, 337 

Davis, J. S. : General sensations in pedunculated 
flaps of skin, 982 

Deformities : See' Abnormalities and Deformities 
Dclprat, G. D. : Subacute lymphogranuloma in- 
guinale, reports of 2 cases, 628 
Dextrose, absorption of dextrose and water by 
small intestine and colon, experimental 
study, 643 

absorption of dextrose from coion, 1039 
Diet, influence of diet rich in casein on strength 
of bone and healing of fractures, 786 
Dill, J. L. : Thrombosis of sigmoid or lateral 
sinus, report of 30 cases, 705 
Du Mortier, J. J. : Cartilaginous exostosis of 
scapula, report of 2 cases, 778 
Duodenum, Ulcer: See Peptic Ulcers 
Dye workers, bladder tumors among dye work- 
ers, 866 


Calcium and phosphorus metabolism in diseases 
of thyropnrathyroid apparatus, 1078 
influence of local excess of calcium and phos- 
phorus on healing of fractures ; experi- 
mental study, 385 

local atrophy of bone; effects of vitamin D 
and of calcium on local atrophy and union, 
312 

Callus : See also under Fractures 
delayed callus formation from antiseptic treat- 
ment of wounds, 525 

Cancer : See Tumors ; and under names of 
organs and regions 

Carlson, H. A. : Obstruction of superior vena 
Cava, experimental study, 669 

Carr, J. L. : Progressive obstructive jaundice : 
changes In certain elements of blood and 
their relation to coagulation, 277 

Casein, influence of diet ricli in casein on 
strength of bone and healing of fractures, 
786 

Cave, E. F. : Fifty-fifth report of progress in 
orthopedic surgery, 1076 
Fifty-fourth report of progress In orthopedic 
surgery, 511 

Cerebellopontile angle, removal of tumors through 
unilateral approach, 337 

Cold, Influence of exposure to cold and of dep- 
rivation of food and water on development 
of shock, 1055 

Colitis, bacteriophages in chronic colitis of un- 
determined causation and In intestinal 
fistulas, 748 

Colon, absorption of dextrose and water by 
small intestine and colon, experimental 
study, 643 

absorption of dextrose from colon, 1039 

Cooke, H. H. ; Hepatolienography ; experimental 
study of elimination of contrast medium, 29 

Cooper, D. H. ; Pepsin in prevention of ab- 
dominal adhesions. 264 

Copeland, M. JI. ; Neurofibromatosis with ocular 
changes and Involvement of thoracic spine ; 
report of case, 108 

Copenbaver, IV. : (luantlfative study of rate of 
healing in bone; normal rate of healing, 465 


Ebeling, W. W. : Absorption of dextrose from 
colon, 1039 

Eckert, C. T. ; Gastric acidity as influenced by 
pyloric closure and stenosis, 1001 
Elman, K. : Gastric acidity as influenced by 
pyloric closure and stenosis, 1001 
Embolism, topical diagnosis of embolism of ex- 
tremities, 516 
Epididymis, infection, 885 
Epinephrine : See Suprarenal Preparations 
Epistropheus, atlanto-epistropheal subluxations, 
297 

Exercises, passive vascular exercises; treatment 
of peripheral obliterative arterial diseases by 
rhythmic alternation of environmental pres- 
sure, 697 

Exostosis, cartilaginous exostosis of scapula, re- 
port of 2 cases, 778 

Extremities, circulatory disturbances, 515, 1081 
effect of alternate suction and pressure on 
blood flow to lower extremities, 1081 
passive vascular exercises ; treatment of per- 
ipheral obliterative arterial diseases by 
rhythmic alternation of environmental pres- 
sure, 697 „ , . 

traumatic vasospasm; study of 4 cases ol 
vasospasm in upper extremity, 92 
vasodilatation of, 1082 

Eye, muscle; spasm of orbicularis oculi in local 
tetanus, 923 . , 

neurofibromatosis with ocular changes and In- 
volvement of thoracic spine ; report of case, 
108 


Faxon, H. H. : Treatment of varicosities, pre- 
liminary high ligation of internal saphenous 
vein with injection of sclerosing solutions. 
794 


emur : See also Hip Joint 
abduction method, considered as exponent of 
treatment tor all forms of fracture at hip In 
accord with surgical principles, 521 
fractures of neck of femur, treatment for, 52i 
osteochondritis of head of femur, 524 
sequences of experimental Infarction of femur 
In rabbits, 5S9 
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Tifo r 1 ■ Avcrtin in preanestlietlc medlca- 
\.83l surgical anesthesias, 

ClWcaJ use of pentoharbUal sodium as pre- 

Fifer *Break '’lesion in rabbits resem- 

bling chronic cystic mastitis, 5uo 
Filarlasls of scrotum, 886 , . nf 

Fischer F.: I<ocal atrophy of bone, effects ot 
. ^vitamin "D and of calcium on local atrophy 
and union, 312 . , 

Fistulas, bacteriophages in chronic colitis of un- 
determined causation and in intestinal 

Flick, * J. B. : Pericardiectomy for adranced 
Pick’s disease, 126 , , , 

Food, induence of exposure to cold and of dep- 
rivation ot food and water on develop- 
ment ot shock, 1055 • r , r . k-i- 

Foot, manipulative treatment of painful feet, 
Foote, F. S. ; Progressive obstructive jaundice; 
changes in certain elements of blood and 
their relation to coagulation, 277 
Fractures: See also under names of bones, as 
Femur, fracture : Spine, fracture : etc. 
heating; delayed callus formation from anu- 
septic treatment ot wounds, 525 
healing. Influence of diet rich in casein on 
strength of bone and healing of fractures, 
<86 , , . 
healing; influence of local excess of calcium 
and phosphorus on healing of fractures. 385 
healing; influence on choice of methods of 


treatment, 446 

liealing of fractures and bone defects after 
venous stasis, 523 

healing, auantitative study of rate of healing 
of bone ; normal rate of healing. 465 
local atrophy ot bone; effects of vitamin V 
and of calcium on local atrophy and union. 


312 

Freeman, N. E. : Effect of epinephrine on 
sympathectomized human extremity, addi- 
tional cause of failure of operations for 
Raynaud’s disease, 759 

Freiberg, J. A. : Fifty-fifth report of progress in 
orthopedic surgery, 1076 

Fifty-fourth report ot progress in orthopedic 
surgery, 511 

Ftishec, F. C. ; Bacteriophages iu ehronlc colitis 
of undetermined causation and in intestinal 
fistulas, 748 

Bacteriophages in treatment of coion bacillus 
septicemia. 741 

’Therapeutic use of bacteriophages against 
colon b.acll)HS, 242 

I'se of bacteriophages in treatment of colon 
baciiius infections of urinary tract, 633 

Fulton, tv. S. : Accessory articular processes of 
lumbar vertebrae, 42 


Maldeman. K. 0.; Influence of local of 

calcium and phosphorus on 
litres; expcrlmeiiial study. aSo 
Halpert, B. : Cartilaginous exostosis of scapula, 
report of 2 cases, 778 , , 

Hankins, F. D. : Acanthoma of antis, report of 
3 CflS63 

Harding, tV.’ G., 2d; Acanthoma of anus; report 

Hart*’ B. ; Anomalies of intestinal rotation as 
cause of Intestinal ohsiriictlon ; report of _ 
personal observations; review of 103 re- 
ported cases, 942 
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cases, 16 

Hematuria, 890 . n ,, 

Hemorrliagc, shock with reference to effects of 
liemorrbagc, 837 . , . . # ,< 

Mcpatollenograpliy, experimental .study of ellin- 
iiiMlon of contrast medium, 29 
Hepler, A. B. : licview of urologlc surgery, 149, 
316, G7S, 806 „ . , , 

Hernia, inguinal; undifferentiated mullcrlan duct 
in man ; unusual congenital anomaly as 
complication of inguinal hernia, 929 
Herrmann, Ir. G. ; Passive vascular exercises ; 
treatment of peripheral ohlltcratlvc arterial 
diseases by rhythmic alternation of environ- 
mental pressure, 697 

Hcyl. 3. H, ; Xlndlffercntlatcd mtillcrian duct in 
man ; unusual congenital anomaly as com- 
plication of inguinal hernia, 929 
Hibbs, IV. G. : Retroperitoneal perirenal lymph- 
angioma. 313 

Hip .loin! : See also Femur 
comparative study of congenital coxa vara 
and co.va plana. 1076 
fusion operation, 518 

tuberculosis; extra-articular hone graft treat- 
ment with especial study of primary failures 
of fusion, 518 

Histamine, treatment of myositis, arthritis and 
disturbances of peripheral circulation with 
histamine by cataphoresls. 338 
Hockzema, J. : Symmetrical traumatic fracture.s 
of cranium ; symmetrical fragmentation ; 
comments on thetr mechanism, 171 
Hodglns, A. C. : Avertln In preanesthctlc medi- 
cation, survey ot 1,831 surgical anesthesias. 
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Clinical use of penloharbltal sodium as pre- 
anesthetic agent. 527 

Howard, N. 3.; Ambulatory treatment of vari- 
cose state by combined ligation and throm- 
bosis by injection; study in end-results, 4S1 

Howes, E. L. : Influence of diet rich in casein 
on strength of hone and healing of frac- 
tures, 786 

Hydronephrosis, 683 

HypertliytoidiSTa ; See Thyroid, liyperlropby 


Gait, myokinetic studies of transplanted mus- 
cles about knee, 345 

Gangrene, amputation through lower third of leg 
for diabetic and arteriosclerotic gangrene. 

bladder, S74 

changes In bones ot extremities amputated be- 
cause of arteriovascular disease, 566 
g.is, serum treatment, 517 
gas. tissue in, 523 

Gardner, C. E., 3r. : Anomalies of intestinal 
rotation as cause of intestinal obstruction-, 
report of 2 personal observations ; review of 
19'3 reported cases, 942 

Gastro-Intestlnal Tract, malignant Ivmpboma of 


Gibbon, J. H., 3r. ; Pericardlectomv for ad 
vaoecd Pick’s disease. 126 
Glucose: See Dextrose 


Glycine, creatine-creatinine exchange In poll. 

Tnyciltls and Its influence ty glvclne 10T9 
Goclscb. E,; Thyroid disorders; suprarenal fa. 
\or in reactions to thyrofdectouiv, 492 
"'’"a”’ arterial thrombosis se 

ondarj to gonorrheal atUirlUa and intr 
r„„t V '' of milk, 49 

« a. 

twgery. P 


Icterus: See Jaundice 
Ileus : See Intestines, obstruction 
Instrument, new Instrument for Intravesical ir- 
radiation, 85 

Intestines, absorption of dextrose and water by 
small Intestine and colon, experimental 
study, 643 

bacteriophages in chronic colitis of undeter- 
mined causation and in intestinal fistulas, 
748 

Obstruction : See also Intussusception 
obstruction, acute, immediate and late results 
in 100 consecutive cases. 828 
obstruction : anomalies ot Intestinal rotation as 
cause of intestinal obstruction; report of 2 
personal observations; review of 103 re- 
ported eases, 942 

Intussusception in infancy and childhood; re- 
port ot 372 cases, 365 

Islands of Langerhans; See under Pancreas 
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^ Dones ot extremiti 
amputated because of arteriovascular di 

C&S€l, ooD 

Jaundice, progressive obstructive jaundic 
changes in certain elements of blood a 
- - their relation to coagulation. 277 
Jejunal tlcer: See Peptic Ulcers 
Jcjuniiin; See Intestines 
Joints, ovUiTOpneutnoroentgenography. 517 
ImmoblUzatton of normal joints 5‘>4 
iyiuphatlc drainage, 525 
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Patella dislocation, recurrent, 520 
PatUsoi A. C. : Malignant lymphoma of gastro- 

Paviei^fei^r v.;scSLr exercise) apparatus: 
treatment of peripheral obliterathe 
mseases by rhythmic alternation of environ- 
mental pressure, 697 . 

Pelvis, lateral tilt of pelvis in children. lOSl 
relaxation of pelvic joints in pregnancj, 1080 
Pentobarbital Sodium: See Barbital and 

Barbital Derivatives 

Pepsin in prevention of abdominal adhesions, 

‘>64 

PepHc Ulcers, factor of spasm In etiology of, 

895 

perforation of, jejunal ulcer Into free 

abdominal cavity, 21S 

Pericardiectomv for advanced Pick s disease. 

126 

Peritonitis, bile, 227 . . o , . 

Peyton, VT. T.: Quantitative study of rate ot 
healing in bone; description of method, 23 
QuanUtative study of rate of healing in bone : 
normal rate of healing, 465 
Phosphorus and calcium metabolism in diseases 
of thyroparathyroid apparatus, 1078 
influence of iocal excess of calcium and 
phosphorus on healing of fractures; experi- 
mental study, 385 
Pick’s Disease: See Brain, atrophy 
Pilcher, C. ; Cerebral blood flow : cerebral effects 
of occlusion of common or Internal carotid 
arteries ; effect of occlusion of common 
carotid arteries on volume-flow of blood 
through do^s brain, 1024 
Pneumonephrosis, 166 

Poliomyelitis, creatine-creatinine exchange in 
poliomyelitis and Its influence by glycine. 
1079 

in Califomla, 1079 

neutralization of poliomyelitis vims, 525 
Polowe, D. ; Strama lymphomatosa (Hashlmoto) 
associated with hyperthyroidism, report of 
case with clinical and histopathologic study, 
768 

Pomeranz, >1. M. : Changes in bones of 
extremities amputated because ot arterio- 
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Thuss, C. : Cerebral blood flow : cerebral effects 
of occlusion of common or internal carotid 
arteries ; effect of occlusion of common 
carotid arteries on volume-flow of blood 
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